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ABSTRACT
Eight species of Prionotus. collected from 5-100 m in the Gulf of Mexico 
along a  cross-shelf transect off Freeport, Tx during October 1977 - August 1981, 
were studied to determine life history patterns and how they partition resources. 
Only four species were abundant in the northwestern Gulf: £ . tribulus. E. 
paralatus. £ . lonaispinosus. and E. stearnsi. Prionotus tribulus mature in late 
sum m er at 85-140 mm as they approach or reach Age I. Spawning occurs from 
late August - December. They range from 5-27 m, but are most abundant at <22 
m. Young recruit a t 5 m, and presumably shallower, during December - March, 
then disperse offshore. Sizes are 46-72 mm at 6 months and 99-140 at Age I. 
Maximum size is 250 mm, but typically 155-175 mm. Typical maximum life span 
is 1-2 years and total annual mortality rates approach 100%. Prionotus 
lonaispinosus mature in early winter at 120-130 mm as  they approach or reach 
Age I. Spawning occurs from January - April or May. They range from 5-100 m 
but are most abundant at 13-27 m. Young recruit at 18-22 m during April - July, 
then disperse inshore and offshore. Sizes are 62-103 mm at 6 months and 
138-166 at Age I. Maximum size is 250-260 mm, but typically 145-160 mm. 
Typical maximum life span is one year and total annual mortality rates approach 
100%. Prionotus paralatus mature in early winter at 85-125 mm as they 
approach or reach Age I. Spawning occurs during December - April. They 
range from 16 to at least 100 m but are  most abundant at >27 m. Young recruit 
at 36-55 m during April - June, then disperse offshore. Sizes are 63-99 mm at 6 
months and 98-122 mm at Age I. Maximum size is about 200 mm, but typically 
160-165 mm. Typical maximum life span is 2-2.5 years and total annual 
mortality rates are 90-100%. Prionotus rubio mature at 80-120 mm. Spawning 
appears to occur during March or April - August. They occur at 5-73 m and 
primarily 18-36 m. Maximum size is 240 mm, but typically 180-195 mm. 
Prionotus stearnsi mature at 80-115 mm. Spawning appears to occur during 
November or Decem ber - May or June. They appear at 22-100 m, but primarily 
at 47-55 m. Maximum size is typically 125 mm. Prionotus ophrvas mature at 
100-120 mm at about Age I. Spawning seem s to occur from January - June. 
They appear at 9-73 m and primarily at 18-55 m. Young occur during May - 
June at 22-55 m, then disperse inshore and offshore. Maximum size is typically 
155-160 mm and typical maximum life span is 1-2 years. Comparisons among 
species indicate a  common pattern of population dynamics that favors r-strategy 
(short life spans, high mortality rates, and rapid turnover of biomass), but with 
temporally segregated  spawning and  spatially segregated distributions. 
Spawning grounds seem  to lie toward the northcentral Gulf with current 
transport mechanisms carrying young toward the northwestern Gulf. Prionotus 
spp. from the northwestern Gulf show quite different life history attributes than 
their congeners from mid Atlantic and New England regions.
Jam es G. Hoff, Jr.
SCHOOL OF MARINE SCIENCE 
THE COLLEGE OF WILLIAM AND MARY IN VIRGINIA
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COMPARATIVE BIOLOGY AND POPULATION DYNAMICS OF SEAROBINS 
(GENUS PRIQNQTUS1 WITH EMPHASIS ON POPULATIONS IN THE 
NORTHWESTERN GULF OF MEXICO
GENERAL INTRODUCTION
Searobins (genus Prionotus: family Triglidae) are numerically important 
members of the demersal shelf ichthyofauna that range from temperate to 
tropical regions in the Western Hemisphere (Ginsburg, 1950; Teague, 1951). 
They now have little commercial value, though in the Gulf of Mexico they are a  
component of the industrial bottom fishery (Roithmayr, 1965; Gutherz et al.,
1975). Despite their current low economic value, they are an abundant source 
of food for commercially important fishes (Jordan and Swain, 1884; Jordan and 
Evermann, 1887; Hildebrand, 1954; Lewis and Yerger, 1976).
Twelve species of Prionotus are currently recognized (Robins et al.,
1991) from the Western North Atlantic (Atlantic) and Gulf of Mexico (Gulf). 
According to Lewis (1973), two species (£. carolinus and JP. evolansi and two 
subspecies (P. scitulus scitulus and R. tribulus tribulus  ^ are endemic to the 
Atlantic exclusive of the Gulf. Three species (R. lonpispinosus. £ . paralatus. 
and E. martis) and two subspecies (R. scitulus latifrons and £ . tribulus 
crassicepsl apparently are endemic to the Gulf. Five species (E. alatus. R. 
ophrvas. R. roseus. R. stearnsi. and E. rubio) are reported from both the Gulf 
and south Atlantic coast of the United States (South Atlantic). Ten of these 
species of Prionotus occur in the northern Gulf.
Recent nomenclature changes within the genus Prionotus (Robins et al., 
1991) may cause some confusion when referring to species. Known for years 
as E. rubio and E. salmonicolor (Ginsburg, 1950), these species are now known 
as R. lonaispinosus and E. rubio. respectively (Robins et al., 1991), based on 
the review of Miller and Richards (1991).
Mechanisms by which ten species of Prionotus coexist in the northern 
Gulf are not clear, and it is not clear that they, indeed, coexist and compete. 
Ecological theory expressed in the competitive exclusion principle (Hardin, 
1960), states that complete competition cannot exist between species. That 
principle implies that Prionotus spp. have achieved ways to partition their 
habitat and resources in the northern Gulf and thus avoid or minimize 
competition. Suggested ways to achieve this include spatial and temporal
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differences in their use of geography, habitat, feeding attributes, and size and/or 
life history and population dynamics attributes.
Little is known about searobins despite their numerical importance, and 
their role a s  forage. Previous knowledge of searobins has been primarily 
derived from numerous generalized faunal studies. In the western and 
northwestern Gulf regions, these  include: Gunter's (1945) study of the marine 
fishes of the Texas coast; Hildebrand's (1954) study of the fauna of the brown 
shrimp grounds off Texas; Hildebrand's (1955) study of the pink shrimp grounds 
in the Gulf of Campeche; Chittenden and McEachran's (1976) study on the 
composition, ecology and dynamics of dem ersal fish communities on the 
northwestern Gulf of Mexico continental shelf; and Chittenden and Moore's 
(1976) study on the composition of the ichthyofauna inhabiting the 110-m 
bathymetric contour of the Gulf of Mexico, Mississippi River to the Rio Grande. 
Detailed studies on the biology of searobins from the Gulf are  limited to fish in 
the northeastern and eastern areas. Lewis and Yerger (1976) reported on 
distribution, food habits, and reproduction in these  species along the eastern 
Louisiana to Florida panhandle region of the Gulf (the northeastern Gulf, 
primarily), and Ross (1974; 1977) examined the relationship of body size and 
food size to resource partitioning of species on the west Florida shelf (eastern 
Gulf). Additional works on the biology of searobins include: (1) life history 
studies on one or both sympatric species (E- evolans and E . carolinusl along 
the mid to North Atlantic coast (Marshall, 1946; Wong, 1968; McEachran and 
Davis, 1970; Richards et al., 1979), (2) aspects of the distribution and ecology of 
species along the South Atlantic (Floyd, 1980), and (3) various physiological 
studies investigating the sensory capabilities of the free pectoral appendages 
(Scharrer, 1937,1963; Bardach and Case, 1965; Bardach et al., 1967), vision 
(Wald, 1936; Kennedy and Milkman, 1956; Baylor and Shaw, 1962), sound 
production (Evans, 1969), or cardio-regulation (Roberts, 1968). No 
comprehensive studies have yet been done on the biology of searobins in the 
northwestern Gulf.
The objectives of this study are (1) to describe comparative life histories 
and population dynamics of eight species of Prionotus collected from the 
northwestern Gulf and (2) to use this information to evaluate their resource and
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habitat partitioning. Information for individual species on gonad maturation, 
spawning periodicity, sex ratios, bathymetric distribution, recruitment, age 
determination and growth using length frequencies, maximum size, life span, 
mortality, length - weight, length - girth, and length - length relationships is 
presented in Chapters I through VI, along with introductions, details of 
methodology, and discussions specific to the individual species. Chapter VII 
presents biological da ta  on two species that were collected only occasionally 
during this study. The final section presents a  general discussion that 
compares life history information on Triglidae of the northwestern Gulf and 
describes their resource and habitat partitioning. This evaluation is then 
extended to conspecific and/or congeneric species from the northeastern Gulf 
and Atlantic to evaluate zoogeographic differences.
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GENERAL METHODOLOGY AND MATERIALS
Identification of searobins is difficult with existing individual Keys.
Original descriptions by Ginsburg (1950) and Teague (1951) are contradictory, 
and neither is adequate for quick identification to species. Subsequently, Miller 
and Kent (1971) worked on the taxonomic relationships of the Prionotus alatus / 
£ . paralatus / £ . beani species group, and Ross (1983) provided a  key to the 
genera and species of Triglidae on the west Florida continental shelf.
Additional regional keys for identification and species descriptions include: 
Goode and Bean (1895), Hildebrand and Schroeder (1928), Teague (1952), 
Bigelow and Schroeder (1953), Miller (1965), Bohlke and Chaplin (1968), 
Ahmed and Qureshi (1970), Hoese and Moore (1977), Ursin (1977), Roberts- 
Goodwin (1981), and Murdy (1983). During the course of this study, a  
combination of these  works provided reliable references to identify individual 
species.
Eight species of Prionotus were collected along a  transect off Freeport, 
Tx, on 71 monthly or fortnightly cruises from October 1977 through August 1981 
aboard a  chartered shrimp trawler using twin 10.4 m (34 ft.) trawls with a  4.4 cm 
stretch mesh in the cod end and a  tickler chain. Initial stations were located at 
depths of 9, 13, 16,18, 22, 27, 36, and 47 m (Figure 1). Sampling effort was 
increased to include stations at 5 and 24 m after November 1978 and at 55, 64, 
73, 82, 86, and 100 m after May 1979. Collections were made during the day 
through September 1978; thereafter, a  day and a  night cruise were usually 
made each month. Two tows of 10 minutes bottom time were made at each 
depth except that one tow was made at most depths prior to 1978, usually eight 
tows were made at four stations at 16 m, and usually 24 tows were m ade at 12 
stations at 22 m. These collections have formed the basis for a  series of 
publications, each directed at individual fishes including Cvnoscion arenarius 
(Shlossman and Chittenden, 1981), Stenotomus caprinus (Geoghegan and 
Chittenden, 1982), £ .  nothus (DeVries and Chittenden, 1982), Larimus 
fasciatus (Standard and Chittenden, 1984), Trichiurus Lophmis (Fay. 1985), 
Leiostomus xanthurus (Hata, 1985), Menticirrhus am ericanus (Harding and
5
Figure 1. Location of sampling area off Freeport, Tx. Station depths and
bathymetric contours are indicated in meters. The starred area  and 
box in the insert indicate where collections were made in the 
northcentral and northwestern Gulf, respectively.
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Chittenden, 1987), Polvdactvlus octonemus (Dentzau and Chittenden, 1990), 
and Peprilus burti (Murphy and Chittenden, 1991).
Upon collection, all Prionotus were culled from the catch, identified to 
species, m easured to the nearest millimeter (TL), fixed in 10% buffered 
Formalin, and then preserved and stored in 70% ethanol. These specimens 
were re-identified and analyzed in the present study. The following methods 
pertain to each of the eight Prionotus spp. studied.
For the August 1979 to July 1980 period, 150 individuals per cruise were 
selected by stratified random sampling of presumptive cohorts in length 
frequencies to determine for detailed analysis the following: total length (TL), 
standard length (SL), girth at the base of the cleithral spine (G), total weight 
(TW), gonad weight (GW), sex, and gonad maturity stage of female and 
immature fish. In all other months, processing was similar except that standard 
length and girth were not recorded. If less than 150 fish were collected in a 
cruise, all fish were processed. Maturity stages were assigned to female and 
immature fish using a slight modification (Table 1) of Kesteven’s  system 
(Bagenal and Braum, 1971). Gonadosomatic indices (GSI) were calculated for 
females as GSI = 100 (GW/TW). Sizes at maturity for females were estimated 
as the range between the minimum size in the Early Developing stage (Table 1) 
and the maximum size in the Maturing Virgin stage. Linear regressions of 
gonad weight on total length were also used to indicate, in part, size at maturity. 
The extrapolated X-intercept of each regression indicates an inflection point in 
the curve which actually describes the overall relation. This inflection point 
indicates the length when gonad sizes begin to rapidly increase, thus it 
indicates maturity.
Age w as determined by Modal Group Progression Analysis (Jearld,
1983) of length frequencies, a  modification of the Peterson method (Lagler, 
1956) in which length frequencies are followed overtime. Cohorts were 
specified by assigning year class labels corresponding to the season  and year 
of hatching following Shlossman and Chittenden (1981). These cohorts 
represent annual spawned groups, termed year classes or cohorts. Question 
marks placed, at times, on given length frequency panels indicate size ranges 
for which exact size at age is not clear. Discussion material for individual
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Table 1. Description of gonad maturity stages assigned to female and 
immature Prionotus spp.
Stage
1. Immature
2. Maturing Virgin
3. Early Developing
4. Late Developing
5. Gravid
6. Ripe
7. Spawning/Spent
8. Resting
Description
Gonads barely or not visible. Sexes not 
distinguishable to the naked eye.
Sexes determined by naked eye, ovaries small, 
confined to posterior half of body cavity. Eggs not 
visible to the naked eye.
Ovaries solid, occupy < 25% of body cavity. Individual 
eggs barely visible to the naked eye.
Ovaries occupy > 25% but < 50% of body cavity. 
Individual eggs distinctly visible to the naked eye.
Translucent eggs present, visible to the naked eye.
Eggs occupy > 40-50% of body cavity; > 50% of eggs 
translucent.
Ovaries flaccid, partially or completely empty; reddish 
color may persist.
Ovaries flat, reduced in size; fish large enough to have 
spawned.
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species reviews som e of the problems encountered, at certain times, in 
determining age via length frequencies, and suggests how to proceed. 
Because I found it difficult to reliably age E- stearnsi despite its abundance, 
much em phasis was placed on methodology of age determination under the 
individual species account.
Mean hatching dates were calculated using data derived from length 
frequencies. This calculation involved regressing length on age in days to 
predict size and age combinations following Standard and Chittenden (1984). 
Quadratic or linear regressions of total length on age were used as models to 
estimate initial X-intercepts for each cohort. Initial hatching dates were then 
adjusted by moving the initial X-intercept to allow the growth curve to pass 
through the origin. Regression coefficients and growth/time interval values 
remain constant as the X-axis (time) is adjusted because time dimensions 
between the initial and last collections of a  cohort have not changed. The final 
hatching dates are mean values because regression predicts averages. Age - 
size data points that represent only one fish were generally deleted from 
calculations when they were near the beginning or end of the data range 
because they greatly influence calculated values. More accurate hatching 
dates might be calculated by fitting cubic regression or regressions with 
seasonally-varying exponents, because data  is sometimes not well fitted by 
simple linear or quadratic regression. However, simple linear or quadratic 
regression is sufficient to indicate approximately when spawning occurs, and 
such calculations generally agree with the spawning period indicated by other 
analyses. More detail on this method for establishing hatching dates and 
spawning periodicity is described under methods for individual species.
Apparent duration of the overall spawning period was approximated for 
each year class following Geoghegan and Chittenden (1982) as:
time specific mean size range early in life
mean growth/day early in life.
Calculations were based on the period when recruitment appeared complete. 
Time-specific size range was estimated a s  the mean of the 99% confidence
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intervals for observations in that period; for example, the mean of the 99% 
confidence intervals of a  cohort was used to determine the duration of the time 
interval in the spawning period in which 99% of the cohort hatched. Growth/day 
was estimated as the difference between mean lengths for successive 
collections divided by the time interval (days) in the spawning period. 
Calculations were also made using 75 and 50% confidence intervals to 
compare how much successful spawning occurred in a  period shorter than the 
overall period.
Recruitment patterns and movements in the Gulf were determined by 
analyzing length frequencies and catch per unit effort against depth at specified 
months of the year. The words "recruit" and "recruitment" are used to describe 
movements by the young to indicated areas within the Gulf. Though generally 
not reported for individual species, I presume Prionotus spp. collected in this 
study have pelagic eggs and larvae like those reported for £ . carolinus 
(Yuschak and Lund, 1984) and other Prionotus spp. (Brederand Rosen, 1966).
Typical life span was approximated by the Beverton-Holt model 
parameter ( t j ,  and typical maximum size was approximated as a  
corresponding length (IJ, from cumulative length frequency distributions 
following the definition that only 0.5 -1%  of the catch exceeds t|_ (Gulland, 1969, 
Alverson and Carney, 1975; DeVries and Chittenden, 1982).
Apparent total annual mortality, (1 - S), was calculated on a  time-specific 
basis from the expression S = Nt /  Nq, where S is the rate of survival, and Nt and 
N0 are the numbers of fish in a  cohort in successive years. Pooled estim ates of 
S were calculated using Heincke's procedure and converted to 1 - S and Z 
(Ricker, 1975). Observed values were compared against theoretical values 
calculated from the expression Z = 4.6 / number of years in life span (Royce, 
1972:238). Total mortality rates, typical maximum life spans, maximum sizes, 
sizes at age, spawning period durations, and von Bertalanffy param eters 
presented are termed apparent, because they may have been affected by 
emigration, immigration, and/or periods when fish become less vulnerable to 
trawling; if so, calculations overestimate mortality, the growth param eter K, and 
spawning period durations and underestimate life spans, maximum sizes, and 
average sizes at age.
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Regressions for total length - total weight, girth - total length, and 
standard length - total length relationships were calculated following standard 
procedures (Snedecor and Cochran, 1980). Von Bertalanffy growth param eters 
were calculated using Fabens (1965) computer program and the sam e data 
used for regressions of total length on age. When von Bertalanffy equations are 
presented, data points describe a  curvilinear regression that clearly evidenced 
an asymptote, thereby meeting the minimum requirements for a von Bertalanffy 
fit (Knight, 1968; Gallucci and Quinn, 1979). Ail length measurements are 
presented as total length (TL) and all length frequencies are moving averages 
of three unless otherwise stated. Conversions between standard length and 
total length used regression equations presented herein for individual species. 
To make zoogeographic comparisons, standard lengths and fork lengths 
reported in the literature for E. carolinus and E. evolans. reported sizes were 
converted to total length using the total length - standard length regression 
relationship I developed for £• tribulus. I used E- tribulus because it was the 
largest of the searobins I studied, thus giving a  broad length range of data, and 
its geographic range in the Atlantic extends near the range of &  carolinus and 
E- evolans. For fork length, I simply assum ed that, in Prionotus spp., there is 
little difference between total length and fork length; though fork length is 
slightly smaller than total length, this is not a  serious source of error. The 
symbol "?L" was used when referencing sizes reported in the literature for 
which the type of length measurement was not given.
To make comparisons of life histories within the Gulf, E. paralatus and E- 
tribulus were collected in the northcentral Guif during the summer of 1986 as 
part of the Southeast Area Monitoring and Assessm ent Program (SEAMAP). 
Collections were made aboard the NOAA ship Oregon II from 10 June 1986 to 
18 July 1986 at stations located in depths of 9 - 91 m between longitude 87° 29' 
and 97° 14' (Figure 1). All Prionotus were culled from the catch to determine 
total length, sex, and gonad maturity stage of female and immature fish.
Although sample sizes in these collections were small, length frequencies and 
gonad data  are compared with those from the collections in the northwestern 
Gulf.
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CHAPTER I. THE BIGHEAD SEAROBIN. PRIONOTUS TRIBULUS
Introduction
The bighead searobin, E- tribulus Cuvier ranges along the Gulf of Mexico 
coast from Florida to the Gulf of Campeche and along the South Atlantic from 
Virginia to Florida. Two subspecies -- E. t  crassiceps and E- i- tribulus -- are 
recognized by Ginsburg (1950), though Miller and Richards (1991) question 
whether these are in fact valid subspecies. Pending further resolution, I have 
followed Ginsburg (1950).
The subspecies in the Gulf of Mexico, E. i. crassiceps. is an inshore 
demersal fish abundant at depths less than 30 m, a  species of the white shrimp 
community first described by Hildebrand (1954). Lewis (1973) suggested E. i. 
crassiceps was one of the largest of the Gulf searobins. The geminate 
subspecies, E. i. tribulus. ranges along the Atlantic from New York to Florida 
(Russell et al., 1992), appearing most common in coastal waters from Cape 
Hatteras, N.C. to southern Georgia (Ginsburg, 1950).
The life history of E- tribulus is poorly known. Studies directed at 
searobin biology and ecology along the eastern and northeastern Gulf (Lewis, 
1973; Ross, 1977,1983), and South Atlantic (Floyd, 1980) were either directed 
at other species or were based on few individuals. These references give brief, 
generalized descriptions that address size, abundance, distribution, temporal 
occurrence, food habits, and reproduction. No information is available from the 
northwestern Gulf, other than faunal notes that appear in many studies which 
generally describe size, distribution, and temporal occurrence (Gunter, 1945; 
Hildebrand, 1954, 1955; Springer and Bullis, 1956; Miller, 1965; Parker, 1965).
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Details of Species-Specific Methodology
Prionotus tribulus were collected in 68 of the 71 cruises from October 
1977 through August 1981. A total of 4,171 fish were collected and measured 
for total length; 2,536 were randomly selected for detailed processing.
Descriptions of the beginnings and ends of the spawning period used an 
analysis, in part, of sizes in length frequencies. Appendix 1 summarizes details 
of the size data. This analysis assum ed the following size and age 
combinations predicted from a  regression of total length on age, with data 
pooled among year classes, scaled to a  final calculated hatching date of 6 
August: 29 mm at three months, 39 mm at four months, 49 mm at five months, 
and 61 mm at six months (see results on Age Determination and Growth). 
Hereafter, fish hatched from fall through early winter are referred to a s  Fall 
cohorts (see results on Maturation and Spawning Periodicity).
Calculations to estimate the duration of the spawning period in Fall 
cohorts were based on estimates of time-specific size range and growth/day 
using April - June data. These were the first months when recruitment 
appeared complete (Figure 2). These procedures assum e large fish hatch 
before small ones and all grow at the sam e rate, assumptions that appear 
reasonably valid because confidence limits for observed values (Table 2) were 
fairly constant between cruises within this period.
Hatching dates used to set time scales for spawning periodicity, age 
determination, and growth calculations were approximated by an iterative 
process. A hatching date of 1 September w as assigned to start the process 
because (1) fish 30 - 60 mm, and presumably 3 - 6 months old, first appeared 
from mid October through mid December in 1978 and from early November 
through at least mid January in 1979 and 1980 (Figure 2), and (2) slopes of the 
regression of gonad weight on total length (Figure 3) and mean GSI values 
(Figure 4) were greatest in the Septem ber - October period.
The most realistic regression equations for setting time scales for growth 
calculations and estimating hatching dates were developed by deleting from 
final calculations the earliest collection in 1977 and two collections in 1978,
13
Figure 2. Monthly length frequencies of Prionotus tribulus off Freeport, Tx. Day 
and night cruises are labeled D and N following the collection date. 
Bars in each panel depict cohort size ranges. Above the bar, the 
letter and first two digits indicate the cohort; the last digit is age in 
years. Age designation for each cohort changed in Septem ber to 
correspond with a  1 Septem ber hatching date. Frequencies are 
moving averages of three.
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Table 2. Calculations for listed confidence limits (CL) of observations (Obs.) 
used to estimate duration of the spawning period for Prionotus 
tribulus,.
Collection
Date n X
99% CL 
of Obs.
75% CL 
of Obs.
50% CL. 
of Obs.
Fail 1978 Cohort
5 Apr 79 N 45 60.0 29.1- 90.8 46.6- 73.3 52.2- 67.7
20 Apr 79 D 145 61.1 34.7- 87.5 49.4- 72.8 54.3- 67.9
14 May 79 D 380 71.5 41.9-101.0 58.3- 84.6 63.7- 79.1
6 Jun 79 N 151 84.2 55.7-112.8 71.6- 96.9 76.8- 91.6
21 Jun 79 D 6 101.2 38.1-164.3 80.8-121.5 89.8-112.5
mean interval 71.4 28.5 16.4
spawning duration 71.4 28.5 16.4
(days) ---- =130 ---- = 52 ---- = 3l
.547 .547 .547
Fall 1979 Cohort
1 Apr 80 N 111 59.4 29.1-89.7 46.0- 72.8 51.6- 67.2
16 Apr 80 N 125 63.9 33.1-94.8 50.3- 77.6 55.9- 71.9
5 May 80 N 166 74.3 34.2-114.5 56.5- 92.1 63.9- 84.7
19 May 80 D 176 75.3 39.9-110.7 59.7- 91.0 66.1- 84.5
2 Jun 8 0 N 442 86.3 45.0-127.7 67.9-104.8 75.6- 97.1
19 Jun 80 D 111 89.5 58.3-120.8 75.7-103.3 81.5- 97.6
mean interval 69.8 30.9 18.1
spawning duration 69.8 30.9 18.1
(days) ---- =185 ---- = 82 ---- = 41
.378 .378 .378
Growth/
day
.073
.433
.552
1.13
.547
.300
.547
.071
.786
.188
.378
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Collection
Date n X
99% CL 
of Obs.
75% CL 
of Obs.
50% CL. 
of Obs.
Fall 1980 Cohort
7 Apr 81 N 55 60.3 39.3- 81.4 51.2- 69.5 55.0- 65.7
20 Apr 81 D 5 73.8 45.9-101.7 65.7- 81.9 69.3- 78.3
4 May 81 N 163 78.0 54.5-101.6 67.6- 88.5 71.9- 84.2
19 May 81 D 125 87.4 57.9-116.9 74.3-100.4 79.7- 95.0
2 Jun 81 N 170 90.3 53.8-126.9 74.1-106.5 80.8- 99.8
1 5 Jun 81 D 108 92.6 51.6-133.6 74.5-110.7 82.0-103.2
mean interval 59.9 25.0 14.6
spawning duration 
(days)
59.9 25.0
---- = 127 ------ = 53
.470 .470
14.6
------= 3
.470
Growth/
day
1.04
.300
.627
.207
.177
.470
1 6
Figure 3. Regressions of gonad weight on total length for Prionotus tribulus. 
pooled within months. Equations and supporting statistics are 
provided in Table 3. Measures are grams and millimeters.
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Figure 4. Monthly gonadosomatic index (GSI) values for Prionotus tribulus.
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1979, and 1980 because these collections were based  on few individuals 
(Appendix 1) and greatly influenced calculated values. Collections excluded in 
yearly calculations were not used for pooled equations. Growth of E. tribulus 
did not appear to be curvilinear or to reach an asymptote, so von Bertalanffy 
growth equations were not fitted to these data. Observed mean sizes at 6 
months were based on pooled data  from January, February, and March, and 
observed mean sizes at Age I were based on pooled data from August, 
September, and October.
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Results
Maturation and Spawning Periodicity
Prionotus tribulus in the northwestern Gulf of Mexico mature in late 
summer at 8 5 -1 4 0  mm, a s  they approach or reach Age I. No fem ales less than 
99 mm were in the Early Developing stage, though one 84 mm fish w as staged 
a s  Late Developing; no females greater than 139 mm were in the Maturing 
Virgin stage (Figure 5). Gonad development was distinct as maturing females 
entered the Early Developing and Late Developing stages at 84 - 100 mm. 
Gravid females were 127 - 165 mm, the one Ripe specim en was 152 mm, and 
the two Spawning/Spent females were 136 and 153 mm. Regressions of 
gonad weight on total length generally support these data  because 
extrapolated X-intercepts were 60 - 103 mm during the August - January period 
when spawning occurs (Figure 3; Table 3). Age compositions and sizes at age 
presented later indicate that £ . tribulus mature to first spawn when about 1 0 -1 2  
months old.
Somatic growth of female £ . tribulus seemingly continues after they enter 
the later stages of maturation. Mean sizes were 131 mm in the Early 
Developing stage, 139 mm when Late Developing, 149 mm when Gravid, and 
166 mm when Resting (Figure 5).
Spawning primarily occurs in one discrete period from late August to 
December or January. Gonad analyses indicate Late Developing, Gravid, or 
Ripe fish were collected only during Septem ber in 1978, September and 
October in 1979 and 1980, and August in 1981 (Figure 6). Late Developing fish 
also appeared in October 1977, though only fall collections were m ade that 
year. With som e variation between years, mean and maximum GSI values 
were high or highest during the months of August through December or January 
(Figure 4), this pattern being clearest from 1979 through 1981. Similarly, slopes 
and elevations of the regressions of gonad weight on total length were highest 
from August through October (Figure 3; Table 3). Length frequency analyses 
support the spawning period indicated by gonad data. The generally well 
defined modal groups in length frequencies suggest spawning occurs in one
20
Figure 5. Length frequencies by gonad stage for female and immature
Prionotus tribulus. See Table 1 for gonad maturity stage  criteria. 
Frequencies are moving averages of three.
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Table 3. Monthly regressions of gonad weight (GW) in grams on total length 
(TL) for Prionotus tribulus. pooling collections within months.
Regressions were significant at a  =.05 and are plotted in Figure 3. 
Intercepts are presented for the primary spawning months.
Obs. Size 
Range n lOOr2
GW
Range Equation X-int.
Jan 50-214 97 86.0 .01- .86 GW = .00387(TL) - .24916 64.4
Feb 54-245 80 81.9 .01-1.19 GW = .00478(TL) - .31807
Mar 49-158 56 49.5 .01- .49 GW = .00248(TL) -.15535
Apr 49-224 125 69.5 .01-1.09 GW = .00453(TL) - .28068
May 48-146 212 50.3
oCMio GW = .00114(TL) - .07118
Jun 62-153 162 65.7 .01- .22 GW = .00196(TL)-. 14338
Jul 70-180 82 79.7 0 1 OO GW = .00340(TL) - .27421
Aug 83-182 83 33.8 .02-5.50 GW = .02383(TL) - 2.3481 100.6
Sep 84-165 19 29.2 .15-8.40 GW = .05844(TL) - 5.9904 102.5
Oct 57-156 12 46.0 .01-6.83 GW = .03267(TL) - 2.3454 71.8
Nov 50-194 26 74.1 .01-1.81 GW = .00878(TL) - .59396 67.6
Dec 50-249 41 85.9 .01-1.31 GW = .00540(TL) - .32641 60.4
22
Figure 6. Monthly gonad maturity stages for female and immature Prionotus 
tribulus. See Table 1 for gonad maturity stages.
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discrete period (Figure 2). Except in 1977 when few collections were m ade, fish 
30 - 60 mm, and 3 - 6 months old, first appeared in mid October and early 
November (Figure 2), indicating that spawning begins about August.
Individuals less than 40 mm, and about 3 - 4 months old, continued to recruit 
through mid February for the 1977 cohort, April for the 1978 and 1979 cohorts, 
and early March for the 1980 cohort, indicating that spawning continues through 
about January.
Little or no spawning of P. tribulus occurs from February through July. 
Almost all females were staged as Immature, Maturing Virgin, or Resting during 
these months; the exceptions are single Early Developing females collected in 
June of 1979 and 1980 (Figure 6). In addition, mean and maximum GSI values 
(Figure 4), with one exception, and slopes and elevations of regressions of 
gonad weight on total length (Figure 3) were generally lowest during the 
February - July period. The exception to the GSI pattern is one fish with very 
large gonads collected in mid February 1980.
Collections of E. tribulus from the northcentral Gulf also indicate little or 
no spring or summer spawning. Of the nine females collected in June and  July 
1981, all were in the Resting stage.
Calculated hatching dates for E. tribulus in the northwestern Gulf were 
generally within, or slightly preceding, the early part of the spawning period 
indicated by gonad and length frequency data. Calculated hatching d a te s  were 
23 August 1977,14 July 1978, 3 August 1979,16 July 1980, and 6 August for 
pooled data (Table 4).
Successful spawning in P. tribulus appears to span the entire August - 
December or January period. Calculated overall spawning period durations 
based on mean 99% confidence limits for observations were 130 days in 1978, 
185 days in 1979, and 127 days in 1980 (Table 2). These estimates generally 
agree with the roughly 12 0 - 150 day spawning period indicated by gonad data 
and length frequency analyses.
A large fraction of the spawning in E. tribulus may occur in a period much 
shorter than the calculated overall spawning period duration. Based on the 
mean 75% and 50% confidence limits for observations, respectively, calculated 
spawning periods were 52 and 30 days in 1978, 82 and 48 days in 1979, and
24
Table 4. Summary of the iterative process used to calculate final hatching 
d a tes and se t time scales for growth calculations for Prionotus 
tribulus. Equations describe regressions of observed mean total 
length (TL) on age in days. Initial age values and growth equations 
were scaled to a  1 Septem ber hatching date. Final fitted regressions 
are in Figure 9.
FalL197ZCohort
Initial Growth Equation 
(n = 10)
Most Realistic Equation 
(n = 9; without 2 Dec 77)
Final Growth Equation 
(n -  9)
Y = .2478X + 20.14
Y = .2940X + 2.676
Y = .2940X + .0000
X-int.
-81.3
-9.1
0.0
ms.2
88.3
96.7
96.7
Hatching Date = 23 August
Fall 1978 Cohort
Initial Growth Equation Y = -.00002X2 + .2317X + 30.36 — 94.4
(n = 21)
Most Realistic Equation Y = -.00009X2 + .3035X + 15.14 -49.2 94.7
(n = 19; without 12 Oct 
and 13 Oct 78)
Final Growth Equation Y = -.00009X2 + .3122X - .0001 0.0 94.7
(n o  19)
Hatching Date = 14 July
25
Fall 1979 Cohort XdOt m i 2
Initial Growth Equation 
(n = 30)
Y = .2716X+ 14.57
Most Realistic Equation Y *= .2903X + 8.532 
(n = 28; without 3 Nov 79 
and 7 Apr 81)
Final Growth Equation 
(n » 28)
Y = .2903X + .0001 
Hatching Date = 3 August
-53.7
-29.4
0.0
Fall 1980 Cohort
Initial Growth Equation 
(n = 20)
Most Realistic Equation 
(n = 18; without 18 Nov 
and 15 Dec 80)
Final Growth Equation 
(n = 18)
Y = .2769X +19.33
Y = .2970X +13.88
Y = .2970X - .0001 
Hatching Date = 16 July
-46.8
0.0
Pooled_D_ata
Initial Growth Equation Y = -.0001X2 + .3281X + 8.961 
{n = 74; without 2 Dec 77,
12 and 13 Oct 78, 3 Nov 79,
7 Apr 81 ,18  Nov and 15 Dec 80)
-26.3
Final Growth Equation 
(n = 74)
Y = -.0001X2 + .3333X + .0006 
Hatching Date = 6 August
0.0
93.9
95.1
95.1
84.8
85.5
85.5
93.0
93.0
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53 and 31 days in 1980 (Table 2). On average, the duration estimated using 
75% and 50% confidence limits was 42% and 25%, respectively, of that using 
99% limits. This suggests much spawning occurs in a  relatively small part of the 
overall period.
Cohorts of E tribulus are apparently produced by fish that first spawn 
when about 12 months old. This is supported by (1) the general decline in 
abundance during the July - August period when fish are predominantly 
approaching 1 0 - 1 2  months of age (Figure 2), (2) the occurrence of large mean 
and maximum GSI values in the August - December or January period when 
fish are predominantly approaching 1 2 - 1 8  months of age (Figure 4), and (3) 
the collection of Late Developing, Gravid, and Ripe fem ales during the August - 
October period (Figure 6).
The male to female sex ratio of E tribulus varied depending on their size. 
A ratio of 1.00 male to 4.00 females was observed among 120 individuals 
greater than 131 mm, the mean size in the Early Developing stage. This sex 
ratio w as significantly different from 1:1 (X2= 43.2; 1 d.f.; a  =.05). However, a  
ratio of 1.00 male to 1.15 females was observed among the 650 individuals 
greater than 99 mm, the minimum size in the Early Developing stage. This ratio 
did not differ significantly from 1:1 (X2= 3.54; 1 d.f.; a  =.05).
Bathymetric Distribution. Recruitment, and Movements
Prionotus tribulus occur at 5 -100 m depths in the northwestern Gulf off 
Freeport, Tx, but they are most abundant by far at depths less than 22 m.
Annual m ean catches were highest at 5 m, the shallowest depth sampled, then 
declined sharply with increasing depth (Figure 7). Few fish were collected at 22 
- 27 m. Only one fish, taken in February 1981 at 100 m, was collected in 763 
tows at depths greater than 27 m.
Greatest recruitment of E tribulus occurred at the shallowest depths 
sampled. Fall spawned fish, 25 - 90 mm, were most abundant at 5 m in the 
period December - March (Figure 8A). Abundance of the recent recruits 
declined sharply with increasing depth during these months and was very low
27
Figure 7. Catch per unit effort (CPUE = mean number of fish per 10 minute tow) 
by depth for Prionotus tribulus off Freeport, Tx, each year and pooled, 
October 1977 - August 1981.
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Figure 8. Length frequencies by depth for Prionotus tribulus: (A) December - 
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at 18 and 22 m. Few recruits were captured deeper than 22 m, only a  44 mm 
fish at 24 m and a  72 mm fish at 100 m.
Commencing in the April - June period, young-of-the-year E- tribulus 
began to gradually disperse offshore and expand their range. During this 
period, the young became as abundant at 9 m as at 5 m, and their range 
expanded offshore so that they became much more abundant at 18 - 22 m than 
they were there in the December - March period (Figure 8A,B). The larger 
young apparently lead the offshore dispersal in the period April - June, because 
a  slight size gradient seem ed to occur from 16 - 27 m, in contrast to their 
generally homogeneous size compositions from 5 -1 6  m. Offshore movement 
becam e pronounced by the period July - August, because abundance was then 
a s  great at 13 -1 6  m as it was at 5 m. A distinct size gradient with depth 
occurred then, moreover, a  pattern that again suggests offshore dispersal of the 
larger, presumably older young. The size gradients with depth and expansion 
of the bathymetric range of abundance coincide with a  general decline in 
abundance in the July - August period (Figure 8C). That decline may indicate 
longshore movements in addition to their initial offshore movement, because 
their offshore range of abundance did not continue to expand much past 18 m. 
By the Septem ber - November period, the abundance of the cohort now at or 
approaching Age I became low at all depths as the first new recruits appeared 
(Figure 8D).
Prionotus tribulus were most abundant in the northwestern Gulf in May 
and June. Abundance declined considerably in July and August and few were 
captured from September through November (Table 5).
Age Determination and Growth
Few cohorts of E. tribulus exist in the northwestern Gulf and only one 
usually predominates. Length frequencies primarily followed one cohort 
through time (Figure 2), except generally when one or a  few fish larger, and a  
year older, co-occurred with the young-of-the-year, for examples, 19 February 
1978,14 December 1978, and 24 February 1979. Few fish occurred past 12
30
Table 5. Catch per unit effort {CPUE = mean number of individuals per 10 
minute tow) of Prionotus tribulus by month from coiiections m ade 
between October 1977 and August 1981, and pooled by month. No 
cruise was made in January, August, and November in 1978, or in 
January 1979.
1977 1978 1979 1980 1981 Pooled
Jan — — — 1.3 1.4 1.4
Feb — 0.3 0.3 2.0 1.6 1.4
Mar — 0.8 0.0 1.2 0.5 1.1
Apr — 0.2 2.0 2.0 0.5 1.4
May — 1.3 7.2 2.9 2.6 3.4
Jun — 0.3 1.7 4.8 2.5 2.9
Jul — 0.3 0.0 0.9 0.5 0.5
Aug — — 0.0 0.8 1.0 0.8
S ep — 0.9 0.2 0.3 — 0.2
Oct 0.1 0.5 0.1 0.1 — 0.2
Nov 0.0 — 0.0 0.2 — 0.1
Dec 0.1 1.4 0.5 0.6 — 0.7
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months of age and their exact age designations are often unclear, because 
older cohorts often could not be followed readily in the length frequencies.
Length frequencies suggest P. tribulus are not abundant in the 
northwestern Gulf after 1 0 -1 2  months of age. Once recruited, Fall cohorts were 
present only through the following June - September period, after which they 
largely disappeared prior to recruitment of the next cohort (Figure 2).
Apparent growth of E- tribulus based on observed mean sizes at age and 
regression equations were generally consistent between methods and years. 
Observed mean sizes at 6 months of age were 51 - 58 mm in 1977, 66 - 72 mm 
in 1978, 46 - 66 mm in 1979, and 58 - 63 mm in 1980 (Table 6; Appendix 1). 
These observed values at 6 months generally agree with regression predictions 
of 53 - 61 mm (Table 6; Figure 9), though regressions tended to predict lower 
sizes. For Age I, observed mean sizes were 103 mm for 1977,110 -1 3 8  mm for 
1978, 9 9 -1 3 2  mm for 1979, and 124- 140 mm for 1980. These observed Age I 
values are similar to regression predictions of 102 -1 0 8  mm at Age I, though 
regressions again tended to predict lower sizes. It is not possible to report a  
meaningful observed mean size at Age II because few fish near that age were 
collected.
Maximum Size. Life Span, and Mortality
Prionotus tribulus in the northwestern Gulf reach a  maximum size of 
about 250 mm, but more typically 1 5 5 -1 7 5  mm. The largest of the 4,171 fish 
collected from October 1977 to August 1981 was 253 mm; 99.5% were less 
than 174 mm, 99% were less than 155 mm, and 95% were less than 122 mm 
(Figure 10). The 155 and 174 mm sizes estimate an apparent l|_. The largest 
fish coliected in the northcentral Gulf aboard the Oregon II was 180 mm, though 
only 15 fish were collected (Figure 11).
The apparent typical maximum life span of E- tribulus in the northwestern 
Gulf seem s to be only 1 - 2 years. A value of t ^  1 - 2  years is reasonable 
because l|_ was 155- 174 mm. Age composition and sizes presented earlier 
indicate: (1) observed mean sizes of fish at Age I were 9 9 -1 4 0  mm and (2) E. 
tribulus largely disappear in the northwestern Gulf at 10 -1 2  months, and few
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Table 6. Sizes (mm TL) at 6 and 12 months of age for Prionotus tribulus
predicted by regression growth equations, with observed mean sizes, 
Growth equations were calculated from mean lengths of each cohort 
by collection and scaled to calculated hatching dates (see Figure 9).
Size Predicted by
Cohort Regression Obs. Mean Size
£1 M 3 £
Fall 1977 53.7 5 1 .5 -5 7 .7
Fall 1978 54.0 65.6 - 72.0
Fall 1979 53.0 4 6 .3 -6 5 .7
Fall 1980 54.2 5 8 .3 -6 2 .5
All Fish Pooled 60.8
.12 Months
Fall 1977 107.3 102.5
Fall 1978 102.0 110.0- 138.3
Fall 1979 106.0 99.1 -132.0
Fall 1980 108.4 124.0- 140.0
All Fish Pooled 108.3
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Figure 9. Mean observed sizes at age and sizes predicted by regression for 
Prionotus tribulus of the  1977, 1978, 1979, and 1980 cohorts, and 
pooled over the 1977 - 1981 time period. Initial equations (i.e.) used 
all data and  were scaled to a 1 February hatching date. Final 
equations (f.e.) were estimated by deleting from calculations certain 
collections (marked by arrows) and were scaled to the calculated 
hatching date (H.D.). Table 6 summarizes the iterative process used 
to calculate hatching dates.
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Figure 11. Length frequency of Prionotus tribulus captured in the northcentral 
Gulf aboard the Oregon II.
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fish approach Age II. I estimated one of the largest fish collected, a  251 mm 
individual, was 29 months old in February 1980 (Figure 2), though it is difficult to 
reliably age that specimen. Similarly, unusually large (>200 mm) fish collected 
in December 1979 and 1980 and in January and February 1981 (Figure 2) 
suggest that a  few individuals do survive to at least Age II in the northwestern 
Gulf.
The apparent total annual mortality rate of P. tribulus in the northwestern 
Guif approaches 100%, specific values being 98.5 - 99.8% (2 = 4.20 - 6.17). In 
31 of the 42 months over which collections were made only one cohort was 
present. Apparent time-specific values were 100% in each of these instances 
because Nt was zero in the ratio Nt / N0. Values of Nt exceeded or were equal 
to N0 in two instances where recruitment w as incomplete or immigration 
occurred. In the remaining 9 instances, apparent time-specific mortality 
estimates ranged from 75.0 - 99.5% (mean = 92.8%). Pooled estim ates using 
Heincke’s  procedures were 98.5 - 99.8% (Appendix 2). Pooling Heincke’s  
numerators and denominators from each comparison yielded an average 1 - S 
of 99.4%.
Weight. Girth, and Length Relationships
Total weight - total length, girth - total length, and standard length - total 
length regressions are presented in Table 7 with supporting statistics. Total 
weight - total length regressions for males and females were not significantly 
different in elevation (F = 1.21; d.f.= 1,1482) but they were significantly different 
in slope (F = 7.80; d.f.= 1,1482). Therefore, separate equations are presented 
for males, females, and immatures, in addition to pooled regressions.
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Table 7. Weight-length, girth-length, and length-length regressions for
Prionotus tribulus with supporting statistics. All regressions were
significant at a  =.001. Measures are grams and millimeters.
Equation n
Obs. Size 
Range lOOr2
log TW = 2.9911 (log TL) - 4.8611 
(all fish pooled)
2,518 22-249 99.0
log TW = 2.9981 (log TL) - 4.8749 
(males and females)
1,486 48-249 98.1
log TW = 3.0688 (log TL) - 5.0204 
(males)
495 67-220 96.6
log TW = 2.9952 (log TL) - 4.8669 
(females)
991 48-249 98.3
log TW = 2.9878 (log TL) - 4.8551 
(im matures)
1,024 22-101 98.4
G = 0.20 (T L )-1.70 737 22-249 96.8
TL = 4.94 (G) + 10.59 737 22-249 96.8
SL = 0.79 (TL) - 0.83 733 22-249 99.6
TL = 1.26 (SL) + 1.31 733 22-249 99.6
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Discussion
Maturation and Spawning
My finding is new that female E- tribulus mature at 8 5 -1 4 0  mm in the 
northwestern Gulf, because size at maturity has not been reported previously. 
The only other available information is Ross' (1983) report of "gonad 
development" at 115 mm. Sizes at age reported herein indicate females are 
ready to spawn at 10 -1 2  months of age.
The late August to December or January spawning period that I 
determined for E. tribulus agrees with other studies. Ross (1974) found a  fall to 
winter spawning period and Hildebrand (1954) reported ripe females in August. 
Many faunal studies indicate a similar spawning period based on gonad 
analyses and/or collection of small individuals in the late fall to spring period 
(Gunter, 1945; Reid, 1954; Kilby, 1955; Joseph and Yerger, 1956; Springer and 
Woodburn, 1960; Miller, 1965; Swingle, 1971). No available studies describe 
spawning periodicity in E- L tribulus. the South Atlantic form.
My interpretation of a  discrete fall - early winter spawning period forE- 
tribulus is similar to findings that many other species of the northwestern Gulf -  
including £ . arenarius (Shlossman and Chittenden, 1981), £ . nothus (DeVries 
and Chittenden, 1982), L- fasciatus (Standard and Chittenden, 1984), L 
xanthurus (Hata, 1985), M- am ericanusJHardina and Chittenden, 1987), E- 
octonemus (Dentzau and Chittenden, 1990), and E- burti (Murphy and 
Chittenden, 1991) -- spawn in discrete periods related to current transport. 
These species, like E- tribulus. are primarily members of the white shrimp 
community (see discussion of Bathymetric Distribution). Spawning of E- tribulus 
in the northwestern Gulf coincides with downcoast alongshore currents 
(towards Mexico) and onshore surface Ekman transport (Kelly et a!., 1984) 
which probably transport pelagic eggs and larvae downstream and onshore in 
the northwestern Gulf. The alongshore current transport pattern reverses to 
upcoast (towards Louisiana) in the summer (July - August) and probably helps 
mature or maturing fish move towards the northcentral Gulf. Such movements 
would explain: (1) the greatly reduced abundance of E. tribulus in the study
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area a s  they approach Age I in and after the period July - August, and (2) the 
fact that the largest E- tribulus I observed in the northwestern Gulf is much 
smaller than those reported from other regions of the Gulf (see discussion of 
Maximum Sizes). The latter pattern has been reported in many other 
northwestern Gulf fishes, and Murphy and Chittenden (1991) suggested it 
reflected spawning or post-spawning movements from the northwestern Gulf to 
the northcentral Gulf. Alongshore, upcoast movement is apparently linked to 
and follows the offshore dispersal suggested by the clear size gradients with 
depth I found in the period July - August. Subsequent to these proposed 
movements, E- tribulus is not abundant in the northwestern Gulf in the period 
Septem ber - December. They again become abundant there as the next cohort 
of newly spawned fish is transported downcoast by the nearshore currents to 
recruit in the period December - March.
Bathymetric Distribution
Prionotus tribulus is restricted largely to waters of the white shrimp 
community first described by Hildebrand (1954). My finding that they ranged 
from 5 - 27 m but were most common at 5 -1 6  m, the most inshore stations, 
agrees with studies throughout the Gulf (Gunter, 1945; Hildebrand, 1954; Miller, 
1965; Franks et al., 1972; Ross, 1983). Despite extensive collecting at depths 
greater than 27 m, only one E- tribulus was captured. This 72 mm specimen 
was taken in February 1981 at 100 m, the deepest collection on record. Other 
maximum depths reported are 42 m (Hildebrand, 1954) and 71 m (Springer and 
Bullis, 1956). Along the South Atlantic, E. t  tribulus is also considered to be a 
shallow coastal species (Floyd, 1980), although data on depth distribution there 
are limited.
The inshore - offshore size gradient with depth and the concurrent range 
expansion I observed indicate juvenile E- tribulus predominantly occupy 
inshore depths while mature fish occupy the offshore portions of their range in 
the northwestern Gulf. Hildebrand (1954) also found an inshore - offshore size 
gradient with depth in the western Gulf, a s  did Springer and Woodburn (1960) 
and Ross (1974) in Gulf waters off Florida, and Hoese (1973) in the South
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Atlantic. The size gradients I found apparently reflect offshore dispersal and 
subsequent movement of maturing fish to the northcentral Gulf, both with the aid 
of the existing current transport system. This analysis for £ . tribulus probably 
applies also to other species of the white shrimp community for which similar 
size gradients have been shown and explanations proposed including 
Micropogonias undulatus (White and Chittenden, 1977), and £ . arenarius 
(Shlossman and Chittenden, 1981).
A ge De term ination and Growth
Age and growth of E- tribulus has not been described previously. 
Therefore, all my information on this topic is new.
As with other species which shared the same b ase  of collections (£. 
arenarius. Shlossman and Chittenden (1981); S. caprinus. Geoghegan and 
Chittenden (19821: C. nothus. DeVries and Chittenden (1982): L. fasciatus. 
Standard and Chittenden (1984); L  xanthurus. Hata (1985); M. am ericanus. 
Harding and Chittenden (1987); P. octonemus. Dentzau and Chittenden (1990); 
and P. burti. Murphy and Chittenden (1991)) age determination using length 
frequencies appears reliable for E. tribulus because d a ta  came from a  long-term 
set of cruises closely linked in time. Most cohorts and their boundaries were 
readily followed over time, because only one cohort usually predominated. 
Individuals older than 12 months were often difficult to age  exactly and  their 
ages may be in error at times, because these  older fish were not common and 
were difficult to follow.
Maximum Size. Life Span, and Mortality
The largest E  tribulus collected in this study were 253 mm in the 
northwestern Gulf and 180 mm in the northcentral Gulf. These are much 
smaller than the 324 mm specim en Ross (1983) reported from the eastern Gulf 
and the 340 mm (?L) maximum size reported forE. 1. tribulus along the South 
Atlantic (Ginsburg, 1950).
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A typical maximum life span ( t j  for E. I  tribulus in the northwestern Gulf 
is most likely 1 - 2 years, because l|_ was 155 - 174 mm. A life span of 1 - 2 
years follows the pattern observed for many other species in the northwestern 
Gulf (Murphy and Chittenden, 1991). The largest fish I observed, a  250 mm 
individual, would seem to be at least Age II, because observed and predicted 
mean sizes at Age I fish were 99 - 140 mm. Prionotus carolinus and E- evolans 
along the Atlantic coast are Age II to III at about 250 mm (Wong, 1968; 
McEachran and Davis, 1970).
The apparent total annual mortality rates approaching 100% that I 
observed for E- tribulus in the northwestern Gulf agree with theoretical estimates 
of 90 -100%  (Royce 1972: 238) if maximum life span is typically only 1 - 2 
years. T hese mortality rates appear generally similar to those reported for many 
other species in that area  (Murphy and Chittenden, 1991). If larger, older E. 
tribulus emigrate from the northwestern Gulf, as my data may indicate, my 
mortality estim ates are too high and my estimates of t[_ too low. The larger size 
of E. t  tribulus off the South Atlantic may reflect greater longevity there.
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CHAPTER II. THE BLACKFIN SEAROB1N. PRIONOTUS LONGISPINOSUS
Introduction
The bigeye searobin, Prionotus longispinosus Teague, is endemic to the 
Gulf of Mexico where it appears to be largely restricted to the soft muddy 
bottoms of the northwestern and northcentral Gulf regions (Hildebrand, 1954; 
Lewis, 1973). Few E- longispinosus have been reported from other Gulf areas, 
with specim ens taken off Apalachicola Bay, Florida (Ginsburg, 1950; Lewis, 
1973) being the easternmost records. In contrast, Hildebrand (1954) found E- 
longispinosus was the most abundant searobin in the nearshore coastal waters 
and bays of Texas and Louisiana. Throughout its geographic distribution, E- 
longispinosus occur over a  wide depth distribution, being reported from shallow 
coastal waters to maximum depths of about 160 m (Ginsburg, 1950). Lewis 
(1973) considered this species to be one of the largest triglids in the Gulf of 
Mexico.
Despite its abundance and common occurrence in the northwestern Gulf, 
only limited information is available on the biology of E- longispinosus. No 
studies have detailed its life history, and even faunal studies in the northwestern 
Gulf (Gunter, 1945; Hildebrand, 1954; 1955; Chittenden and McEachran, 1976) 
provide little life history information. Lewis (1973) presented information on 
distribution, reproductive biology, and food habits for populations in the 
northeastern Gulf. Notes on size, distribution, and temporal occurrence are 
included in Gunter (1945), Ginsburg (1950), Hildebrand (1954; 1955), Springer 
and Bullis (1956), Boschung (1957), Richmond (1968), Swingle (1971), and 
Chittenden and McEachran (1976).
Prionotus longispinosus also appear in the literature as £• rubio. with a 
common name being the blackfin searobin. Recent nomenclature changes 
(Robins et al., 1991) based upon the review of Miller and Richards (1991) now 
recognize this species as £ . longispinosus.
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Details of Species-Specific Methodology
Prionotus longispinosus were collected in 63 of the 71 cruises from 
October 1977 through August 1981. A total of 19,057 fish were collected and 
m easured for total length; 1,102 were randomly selected for detailed 
processing.
Descriptions of the beginnings and ends of the spawning period used an 
analysis, in part, of sizes in length frequencies. Appendix 3 sum m arizes details 
of the size data. This analysis assum ed the following size and age 
combinations predicted from a regression of total length on age, with data 
pooled among year classes, scaled to a  final calculated hatching date of 12 
February: 19 mm at one month, 37 mm at two months, 53 mm at three months, 
and 81 mm at four months (see results on Age Determination and Growth). 
Hereafter, fish hatched from winter through spring are referred to as Winter 
cohorts and a  few fish possibly hatched about August - Septem ber are referred 
to a s  Summer cohorts (see results on Maturation and Spawning Periodicity). 
Discussion of life history patterns refers to the Winter cohorts unless noted 
otherwise.
Calculations to estimate the duration of the spawning period in Winter 
cohorts were based on estimates of time-specific size range and growth/day 
using the late July - October data in 1979 and the early August - early October 
data in 1980. These were the first months when Winter cohorts appeared fully 
recruited (Figure 12). These procedures assum e large fish hatch before small 
fish and all grow at the sam e rate, assumptions that appear reasonably valid 
because confidence limits for observed values (Table 8) were fairly constant 
between cruises within these  periods.
Hatching dates used to set time scales for spawning periodicity, age 
determination, and growth calculations were approximated by an iterative 
process. A hatching date of 1 February was assigned to start iteration because: 
(1) fish 1 3 -5 5  mm, and presumably 1 - 4 months old, first appeared in 
abundance in April or May of 1979, 1980, and 1981 (Figure 12), and (2) mean 
GSI values (Figure 13) were generally greatest in the January - May period.
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Figure 12. Monthly length frequencies of Prionotus longispinosus off Freeport, 
Tx. Day and night cruises are labeled D and N following the 
collection date. Bars in each panel depict cohort size ranges.
Above the bar, the letter and first two digits indicate the cohort; the 
last digit is age in years. Age designation for each Winter cohort 
changed in February to correspond with a 1 February hatching date. 
Frequencies are moving averages of three.
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Table 8. Calculation for listed confidence limits (CL) of observations (Obs.) 
used to estimate duration of the spawning period for Prionotus 
longispinosus.
Collection
Date n X
99% CL 
of Obs.
75% CL 
of Obs.
50% CL 
of Obs.
Growt
Day
Winter 1979 Cohort
19 Jul 79 D 282 67.8 48.9- 86.7 59.4- 76.2 62.8- 72.7
.909
22 Aug 79 D 3 98.7 68.3-129.0 93.8-103.6 96.2-101.2
.039
22 Sep 79 D 583 99.9 70.9-128.9 87.2-112.1 92.3-106.9
.780
2 Oct 79 D 838 107.7 78.7-136.6 94.8-120.6 100.1-115.2
.536
16 Oct 79 N 
mean interval
402 115.2 84.2-146.3
52.3
52.3
101.4-129.0
21.0
21.0
107.0-123.3
12.2
12.2
.566
spawning duration 
(days)
---- = 92
.566
---- -- 37
.566
----- = 21
.566
Winter 1980 Cohort
5 Aug 8 0 N 3823 88.8 66.5-111.0 78.9- 98.5 83.0- 94.4
.668
26 Aug 80 D 4 101.5 59.5-143.5 91.2-111.7 96.0-107.0
.675
7 Sep 80 N 147 109.6 82.2-136.9 75.5-121.6 102.5-116.3
.060
22 Sep 80 D 24 110.5 74.8-146.2 95.5-125.5 101.8-119.2
.757
6 Oct 80 N 97 121.1 89.7-153.5 107.2-134.9 113.0-129.1
mean interval 63.7 24.4 13.9 .540
63.7 24.4 13.9
spawning duration ---- = 118 ---- = 45 ---- = 26
(days) .540 .540 .540
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Figure 13. Monthly gonadosomatic index (GSI) values for Prionotus 
longispinosus.
47
G
SI
16 1
oH
95%  f  
CL of ■< MEAN 
MEAN V. ±
RANGE
* *
+
* x £
+
+ t
t
: t It
* * * * * * *
t
+ I ,
i i i i r r  i i i i > r r  i n  i i i r  i i i t i  i i i i i i i i i i i i i i i i i i i i i i
1977 1978 1979 1980 1981
Regression equations for setting time scales for growth calculations and 
estimating hatching dates were developed from data over the entire life span for 
1978,1979, and 1980 cohorts, and for pooled data. Regression equations for 
1981 were developed by deleting from final calculations the earliest collection 
(2 March 1981) because its mean size was larger than subsequent collections 
(Appendix 3) and influenced calculated values. Observed mean sizes at 6 and 
12 months of age were based on pooled data from July and February, 
respectively.
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Results
Maturation and Spawning Periodicity
Prionotus longispinosus in the northwestern Gulf of Mexico mature at 120 
-1 3 0  mm, a s  they approach or reach Age I. No fem ales less than 118 mm were 
in the Early Developing stage and none greater than 127 mm were in the 
Maturing Virgin stage (Figure 14). Gonad development was distinct as females 
entered the Early Developing stage at 118 mm. Fem ales in the Late 
Developing, Gravid, and Spawning/Spent stages were 1 3 0 -1 5 0  mm. Resting 
stage females were greater than 120 mm with few exceptions. Regressions of 
gonad weight on total length generally support these data because 
extrapolated X-intercepts were 74 -131  mm during the January - August period, 
the primary spawning months (Figure 15; Table 9). Age compositions and sizes 
at age presented later indicate that E. longispinosus mature to first spawn a s  
they approach 1 0 - 1 2  months of age.
Little somatic growth of female E. longispinosus seemingly occurs after 
they enter the later stages of gonad development. Mean sizes of fish were 148 
mm in the Early Developing stage, 165 mm when Late Developing, 162 mm 
when Gravid and Ripe, and 164 mm when Spawning/Spent (Figure 14).
Resting stage fish were even smaller, their mean size being 138 mm.
Spawning of E. longispinosus occurs over a  broad period from January 
through August or September. Fish 1 3 - 6 0  mm and 1 - 4 months of age 
recruited in abundance from mid May through early July in 1979, from early 
April through early July in 1980, and early March through early July in 1981 
(Figure 12). These fish, which I designated as Winter cohorts, indicate 
spawning begins about January and continues through May. A very few fish, 20 
- 50 mm and 1 - 3 months of age, recruited in mid October in 1978, early 
December in 1979 through early January in 1980, and early November in 1980. 
These few fish, which I designated as Summer cohorts, suggest som e 
spawning may occur about August or September.
Though the overall spawning period of £• longispinosus appears broad, 
primary spawning occurs in one discrete period from January through April or
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Figure 14. Length frequencies by gonad stage for female and immature 
Prionotus longispinosus. See Table 1 for gonad maturity stage 
criteria. Frequencies are moving averages of three.
50
FR
EQ
UE
NC
Y
30-
2 0 H  r f / \  A IMMATURE
n=958
10H /"■>' A . X-5S.4
o- 
20 -
MATURING VIRGIN 
10 H  A. J ' V  I n-696
0 -
5 -
0 -
5 -
X-99.2
EARLY DEVELOPING 
n-43 
x-147.7
r f ln  Q p_£u_
LATE DEVELOPING 
n-25 
x-165.3
Q "  V W lA -int in n i i-»
5 -
0 -
5-
GRAVID/RIPE
n-12
X-161.6
SPAWNING/SPENT
n*6
x«164.3
"»n
15“
1 0 _  RESTING
n-168
5-J *-138.1
100 200 300
JL.
TOTAL LENGTH (mm)
Figure 15. Regressions of gonad weight on total length for Prionotus
longispinosus. pooled within months. Equations and supporting 
statistics are provided in Table 9. Regression equations for the 
months of March and April were not significant at a  =.05. M easures 
are grams and millimeters.
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Table 9. Monthly regressions of gonad weight (GW) in grams on total length 
(TL) for Prionotus longispinosus. pooling collections within months.
Regressions were significant at a  =.05, except when noted, and are 
plotted in Figure 15. Intercepts are presented for the primary 
spawning months.
Obs. Size 
Range n
GW 
lOOr2  Range Equation X-int.
Jan 120-170 2 2 57.0 .03-2.90 GW = .04201 (T L )-5.5081 131.1
Feb 131-166 1 2 42.2 .03-2.12 GW = .03740(TL) - 4.5530 121.7
Mar NOT SIGNIFICANT
Apr NOT SIGNIFICANT
May 64-209 18 54.1 .01-4.24 GW = .02140(TL) -1.6690 78.0
Jun 56-182 1 1 0 47.5 .01-1.41 G W = .00430(TL)-.32100 74.7
Jul 60-204 180 48.8 .01- .19 G W = .00100(TL)-.07359 73.6
Aug 70-253 133 64.8 .0 1 -1 .0 0 GW = .00422(TL) - .41479 98.3
Sep 87-151 95 30.2 .0 1 - .1 0 GW = ,00097(TL) - .06966
Oct 86-149 241 56.0
OOCO■o GW = .00218(TL)- .20917
Nov 106-226 83 54.5 .02-3.40 GW = .01727(T L )-2.0791
Dec 79-186 46 37.0 .01- .39 GW = ,00336(TL) - .32550
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May. The well defined Winter modal groups in the length frequencies suggest 
spawning primarily occurs in one discrete period (Figure 12). The 
comparatively great abundance of Winter cohorts suggests spawning primarily 
occurs, or is most successful, in the period January through April or May.
Gonad maturity data support the primary January - April or May spawning 
period indicated by length frequencies. Gravid or Ripe fish were collected 
during April and May in 1979, February and March in 1980, and January 
through May in 1981 (Figure 16). In addition, mean and maximum GSI values 
were generally highest or high during the January - May period (Figure 13), as 
were slopes and elevations of the regressions of gonad weight on total length, 
though regressions were not significant in March and April (Figure 15; Table 9). 
GSI values were generally declining in May, indicating the end of the primary 
spawning period.
Little or no spawning of P. longispinosus occurs from June through 
October. Gonad analysis generally indicate minimum GSI values (Figure 13) 
and minimum slopes and elevations for the regressions of gonad weight on 
total length (Figure 15; Table 9) during these months. Virtually all E- 
longispinosus collected in this period were in the Immature, Maturing Virgin, 
Early Developing or Resting stages (Figure 16). No fish were in the Gravid or 
Ripe stages in this period, and only a  few were then in the Late Developing 
(June 1979) or Spawning/Spent (June and August 1981) stages. Finally, 
except as noted below, length frequencies show few or no recent recruits about 
30 mm and 1 - 2 months old in the period mid July or August through March or 
April (Figure 12).
Som e spawning of E- longispinosus occurs in a  very minor spawning 
period about August through September, or as a  low level summer continuation 
of the primary Winter period. A few fish 20 - 50 mm were collected in October 
1978, Decem ber 1979, January 1980, and November 1980 (labeled as S in 
Figure 12). The placement of these fish in the length frequencies is well 
separated from the Winter cohorts. If these  fish are about 2 - 4 months old, 
spawning occurred in the August - Septem ber period. That some spawning 
may occur in the summer is also suggested by females in the Gravid or Ripe
53
Figure 16. Monthly gonad maturity stages for female and immature Prionotus 
longispinosus. See Table 1 for gonad maturity stages.
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Gonad Stage
stages collected in May 1979 and 1981, and possibly by Late Developing 
females in May and June 1979 and May 1980 (Figure 16).
Calculated hatching dates of E- longispinosus were within the January - 
April primary spawning period indicated by gonad and length frequency data. 
Calculated hatching dates were 14 January for the Winter 1978 cohort, 13 
March for the Winter 1979 cohort, 23 February for the Winter 1980 cohort, 16 
January for the Winter 1981 cohort, and 14 February when all data were pooled 
(Table 10).
The period of successful spawning in E- longispinosus spans about 1 0 0  
days in the primary Winter spawning period. Calculated durations of overall 
spawning periods based on mean 99% confidence intervals of observations 
were 92 and 118 days for 1979 and 1980, respectively (Table 8 ). These 
estimates fall within, but are shorter than, the broader overall spawning period 
of January to April or May indicated by gonad maturity and weight data.
A large fraction of the spawning in E. longispinosus may occur in a  
period much shorter than the calculated overall spawning period duration. 
Based on 75% and 50% confidence limits for observations, calculated 
spawning periods were 37 and 21 days in 1979 and 45 and 26 days in 1980 
(Table 8 ). On average, the duration estimated using 75% and 50% confidence 
limits was 39% and 2 2 %, respectively, of that using 99% limits. These 
estim ates suggest much spawning occurs in a  relatively small part of the overall 
period.
Multiple peaks in recruitment may occur within the major Winter 
spawning period of E. longispinosus. and year-to-year variation exists when 
recruitment begins. The Winter 1980 cohort showed a  clear bimodality in its 
length frequency distribution from May through early July 1980 (Figure 12), a  
pattern that suggests pulses in spawning, successful spawning, or recruitment. 
Young fish did not begin to recruit until mid May in 1979, when they were 
abundant (Figure 12). The young began to recruit in early April in 1980 and 
early March in 1981.
Cohorts of E  longispinosus are apparently produced by fish that first 
spawn when 1 0 -1 2  months old. This is supported by: (1) the general decline 
in abundance during the September - November period when fish are
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Table 10. Summary of the iterative process used to calculate final hatching 
dates and set time scales for growth calculations for Prionotus 
longispinosus. Equations describe regressions of observed mean 
total length (TL) on age in days. Initial age values and growth 
equations were scaled to a 1 February hatching date. Final fitted 
regressions are in Figure 19.
Winter 1978 Cohort (n = 12) X-int. 10Or2
Initial growth equation Y = -.0006X2 + .5778X + 10.59 -18.0 98.5
Final growth equation Y = -.0006X2 + .5977X + .0006 0.0 98.5
Hatching Date = 14 January
Winter 1979 Cohort (n = 19)
Initial growth equations: Y = -.0005X2 + .6524X - 24.91 39.3 97.8
Final growth equations: Y = -.0005X2 + .6160X - .0002 0.0 97.8
Hatching Date = 13 March
Winter 1980 Cohort (n = 29)
Initial growth equation Y = -.0008X2 + .7440X -16.54  21.7 98.2
Final growth equation Y = -.0008X2 + .7095X - .0016 0.0 98.2
Hatching Date = 23 February
56
Winter 1981 Cohort
Initial growth equation 
(n = 1 0 )
Most Realistic Equation 
(n = 9; without 2  Mar 81)
Final growth equation 
(n = 9)
Efooietf Pata (n = 7i) 
Initial growth equation
Final growth equation
X-int.
Y = .517 9 X + 5.057 -9.76
Y = .6075X - 8.241 13.56
Y = .6075X + .0000 0.0 
Hatching Date = 16 January
Y = -.0006X2 + .6604X - 8.166 12.5
Y = -.0006X2 + .6447X -.0038 0.0 
Hatching Date = 14 February
m 2
93.7
99.1
99.1
96.0
96.0
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predominantly approaching 1 0 -1 2  months of age  (Figure 12), and (2 ) the 
occurrence of large m ean and maximum GSI values (Figure 13) and collection 
of Gravid or Ripe fem ales during the January - May period when fish are 
predominantly approaching 1 2 -1 8  months of age (Figure 16).
Female E. lonaisoinosus appear more abundant than maies. A ratio of
1.00 male to 1.21 fem ales was observed among 144 fish greater than or equal 
to 148 mm, the mean size in the Early Developing stage. This sex ratio differed 
significantly from 1:1 (X2= 86.64; 1 d.f.; a  = .05). A ratio of 1.00 male to 1.60 
fem ales w as observed among 587 fish greater than or equal to 118 mm, the 
minimum size in the Early Developing stage. This sex ratio also differed 
significantly from 1:1 (X2= 31.0; 1 d.f.; a  =.05).
Bathymetric Distribution. Recruitment, and Movements
Prionotus lonpispinosus occur at 5 -100  m depths in the northwestern 
Gulf off Freeport, Tx, but they are most abundant at 13 - 27 m. Annual mean 
catches were distinctly highest at 13 - 27 m depths (Figure 17). They were low 
at 5 m, the shallowest depth sampled, and increased at 9 m. Catches declined 
sharply at depths greater than 27 m. Only 30 specimens were taken in 510 
collections at depths greater than 47 m; of these, 15 were taken in 84 
collections at 8 6  m and only one in 84 collections at 100 m.
Young E- lonpispinosus recruit in the northwestern Gulf primarily from 
April or May to June or early July. Few or no recently recruited young about 20 - 
30 mm were captured prior to mid May in 1979 and prior to early April in 1980 
and 1981 (Figure 1 2 ), except for a  few fish captured in early March 1981. The 
few fish designated a s  being members of a Summer cohort in mid October 
1978, early December 1979 - early January 1980, and early November 1980 
might also be regarded a s  exceptions. Large numbers of young recruited 
throughout the general period April - June. Minimum sizes and the left tail of the 
length frequency distributions remained constant through the  period mid May - 
early July in 1979, early April - early June or early July in 1980, and early March 
- early June  or July in 1981, a pattern that indicates recruitment throughout 
these periods. Minimum sizes increased thereafter in each of these years and
58
Figure 17. Catch per unit effort (CPUE = mean number of fish per 10 minute
tow) by depth for Prionotus lonpispinosus off Freeport, Tx, each year 
and pooled, October 1977 - August 1981.
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the left tail of the length frequencies shifted to the right, a pattern that indicates 
recruitment ended, or continued for only increasingly larger fish.
Young-of-the-year P. lonaispinosus in the northwestern Gulf recruit from 
5 - 27 m. Recently hatched fish 20 - 60 mm were most abundant at 13 and 16 m 
depths in April and May, their abundance declining in both shallower and 
deeper water (Figure 18A). No fish recruited deeper than 24 - 27 m in that 
period, and few recruited deeper than 22 m. Relatively few young occurred 
deeper than 27 m even in the period June - August when recruitment ended 
(Figure 18B). Young fish continued to recruit and were most abundant at 13 - 
27 m during the June - August period (Figure 18B).
Young E- longispinosus recruit primarily, or initially, at depths of 18 - 2 2  
m in the northwestern Gulf, then disperse both inshore and offshore. Young fish 
show a  clear size gradient with depth in the period April - May when they begin 
to recruit, and in June - August, a period in which recruitment continues (Figure 
18A.B). The smallest young occurred at 18 - 22 m in the April - May period and 
2 2  - 24 m in the June - August period. Increasingly large young seem  to radiate 
out from these cores. The size gradient is clearest in the shallower portion (5 - 
18 m) of the depth range occupied, for which the largest young occur in the 
shallowest waters. A size gradient also seem s to exist in the deeper portion of 
the range occupied (22 - 27 or 36 m), for which the largest young occur in the 
deepest waters. I interpret these patterns to mean the young recruit primarily at 
18 - 2 2  m, where they are smallest, then gradually disperse to water both 
inshore and offshore, where they are larger. The sam e effect would be 
achieved if the young recruited initially at 18 - 2 2  m depths, then later began to 
recruit both inshore and offshore when they were larger.
The area  occupied by the new recruits begins to expand soon after 
recruitment begins. This is indicated by the size gradients noted above and 
also by abundance patterns. Few recruits occurred deeper than 2 2  m in the 
period April - May when recruitment began (Figure 18A). The young became 
much more abundant at 24 - 36 m in the period June - August (Figure 18B), 
reflecting direct recruitment there, or dispersal to there as the size gradient in 
deeper water suggests.
60
Figure 18. Length frequencies by depth for Prionotus longispinosus: (A) April - 
May, (B) June - August, (C) September - November, and (D) 
December - March. Data in each panel were pooled over the period 
October 1977 - August 1981. Catch per unit effort and age 
designations are presented above each horizontal bar. Age 
designations of Winter cohorts changed in April to correspond best 
with a  1 February hatching date. Frequencies are  moving averages 
of three.
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Young £  longispinosus begin to abandon the inshore portions of their 
range in the northwestern Gulf by the period Septem ber - November. Though 
abundance was greatest at 13 -1 6  m in the period April - May, abundance 
became greatest at 18 - 27 m in the period Septem ber - November (Figure 
18A,C). Though few young occurred deeper than 2 2  m in the period April - 
May, they were abundant from 22 - 47 m in the period Septem ber - November. 
The size gradient so clear in the shallower portion of the range in the periods 
April - May and June - August was much less clear in the period September - 
November, apparently reflecting an offshore dispersal of larger fish from inshore 
waters by the latter period. Abundance of £  longispinosus greatly declined at 
all depths by the December - March period (Figure 18D) when Winter recruits 
were 1 0 - 1 2  months of age.
Prionotus longispinosus w as most abundant in the northwestern Gulf in 
the June - October period. Abundance generally declined in the Septem ber - 
November period and very few were captured in the December - April period 
(Table 11).
Age Determination and Growth
Few Winter cohorts of £  longispinosus exist in the northwestern Gulf and 
only one usually predominates. Length frequencies followed two Winter 
cohorts through time, the young-of-the-year, primarily, and the few co-occurring 
Age I or older Winter fish (Figure 12). Instances of two co-occurring Winter 
cohorts are generally clear only in May and June when the new recruits are 
abundant.
Winter cohorts of £  longispinosus are not common in the northwestern 
Gulf after 1 0 -1 2  months of age. Once recruited about April and May, Winter 
cohorts were easily followed in the length frequencies through the following 
October - December period as they approached 1 0 -1 2  months of age (Figure 
12). They largely disappeared, thereafter, prior to recruitment of the next cohort 
in April or May. The oldest readily identifiable Winter specim ens were about 18 
months of age when captured in August 1981.
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Table 11. Catch per unit effort (CPUE = mean number of individuals per 10 
minute tow) of Prionotus longispinosus by month from collections 
m ade between October 1977 and August 1981, and pooled by month. 
No cruise was made in January, August, and November in 1978, or in 
January 1979.
1977 1978 1979 1980 1981 Pooled
Jan — — — 0.4 0 . 0 0 . 2
Feb — 0 .1 0 .0 0 .2 0 . 0 0 .1
Mar — 0 .0 0 .2 0.4 0 .1 0 .1
Apr — 0 . 0 0 .1 0.9 0 . 2 0.4
May — 0 . 0 8 .1 6 .8 1.5 4.7
Jun — 2.3 29.4 23.0 5.5 17.8
Jul — 0 . 0 5.9 19.8 5.0 1 0 . 0
Aug — — 0 .1 33.2 4.3 15.5
S ep — 0 .1 11.3 1.5 — 4.0
Oct 1 2 .1 5.7 11.7 1 .0 — 6.5
Nov 0 .0 — 4.0 0.5 — 2 . 0
Dec 1 .0 0.7 0 .1 0 .2 __ 0.3
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The only specim ens which it seem s possible to identify reliably as 
Summer cohorts include the few recruits about 30 - 60 mm in October 1978, 
December 1979 and January 1980, and November 1981 (Figure 12). In most 
other months, fish designated with some question as Summer cohorts abut on, 
or lie very close to, the right tail of the length frequency for Winter cohorts; for 
example, collections in the period May - June in 1979 and April - Septem ber in 
1980. These tentatively identified Summer cohorts cannot be reliably 
separated by length alone, and they may not be separate.
Apparent growth of Winter spawned P. longispinosus based on observed 
mean sizes varied between cohorts, but sizes at age based on regressions and 
von Bertalanffy growth equations were consistent between years. Observed 
mean sizes at 6 months were 62 - 68 mm for the Winter 1979 cohort, 86 - 97 mm 
for the Winter 1980 cohort, and 84 - 98 mm for the Winter 1981 cohort (Table 12; 
Appendix 3). These values at 6 months generally agree with regression and 
von Bertalanffy predictions of 8 9 - 103 mm, though observed and predicted 
sizes diverged in 1979 (Table 12; Figure 19). For Age I, observed mean sizes 
were 146 - 159 mm for the Winter 1979 cohort and 156 -1 6 6  mm for the Winter 
1980 cohort. These Age I values also agree with regression and von 
Bertalanffy predictions of 138 -1 5 8  mm at Age I.
Fitted von Bertalanffy equations for E. longispinosus were:
(1978): lt = 168.3 (1 - e -0.00685 (t - 71.3))
annual K value = 2.50; annual to = -0.195;
(1980): lt = 197.4 (1 - e *0.00415 (t - 1 6 .1))
annual K value = 1.51; annual to = -0.044;
where It = TL in mm at time t in days. Growth in 1979 and 1981 did not clearly 
evidence an asymptote (Figure 19), so  von Bertalanffy equations were not fitted 
to those data.
Maximum Size. Life Span, and Mortality
Prionotus longispinosus in the northwestern Gulf reach a  maximum size 
of about 250 - 260 mm, but more typically 145 -160  mm. The largest of 19,057
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Table 12. Sizes (mm TL) at 6 and 12 months of age for Prionotus longispinosus 
predicted by regression and von Bertalanffy growth equations, with 
observed mean sizes. Growth equations were calculated from mean 
lengths for each cohort by collection and scaled to calculated 
hatching dates (see Figure 19).
Cohort
Sizes Predicted by 
Regression von Bertalanffy Obs. Mean Size
6 Months
Winter 1978 
Winter 1979 
Winter 1980 
Winter 1981 
Pooled
89.1
95.8
102.8
94.5
97.7
89.7
101.9
98.4
62.3 - 67.8 
86.2 - 96.9
84.0 - 97.8
12_Months
Winter 1978 
Winter 1979 
Winter 1980 
Pooled
138.2
158.2
152.4
155.4
145.8
157.0
151.0
145.6 -158.8  
156.0- 166.0
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Figure 19. Mean observed sizes at age and sizes predicted by regression for 
Prionotus longispinosus of the 1978, 1979, 1980, and 1981 cohorts, 
and pooled over the 1977 - 1981 time period. Initial equations (i.e.) 
used all data and were scaled to a  1 February hatching date. Final 
equations (f.e.) were estimated by deleting certain collections 
(marked by arrows) and scaled to the calculated hatching date 
(H.D.). Table 10 summarizes the iterative process used to calculate 
hatching dates.
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fish collected from October 1977 to August 1981 was 256 mm. However, 99.5% 
were less than 157 mm, 99% were less than 146 mm, and 95% were less than 
121 mm (Figure 20). The 146 and 157 mm sizes estimate an apparent lj_.
The apparent typical maximum life span of P. longispinosus in the 
northwestern Gulf is only one year, although a few fish seem  to approach Age II. 
A value of t[_= 1 year is reasonable because li_ w as 1 4 6 -1 5 7  mm. Age 
compositions and sizes presented earlier indicate: (1) observed and predicted 
mean sizes of fish at Age I were 138- 166 mm, and (2) P. longispinosus largely 
disappeared from the northwestern Gulf at 10 -1 2  months of age, with few ever 
approaching Age II. I estimated the largest specimen, a  256 mm individual, was 
18 months of age when collected in August 1981, though it is difficult to reliably 
age this specimen. The occurrence of larger fish (>200 mm) with an uncertain 
age (15 November 1979 and August 1981) suggests that a  few older 
individuals survive to Age II in the northwestern Gulf.
Prionotus longispinosus from Winter spawned groups have an apparent 
total annual mortality rate that approaches 100% in the northwestern Gulf, 
specific values being 99.3 - 99.9% (Z = 4.91 - 8.53) for the 1979 -1981 cohorts. 
Only one Winter cohort was present in 23 of the 34 months over which 
collections were made. Apparent time-specific values were 100% in each of 
these instances, because Nt was zero in the ratio Nt / Nq (Appendix 4). Values 
of Nt exceeded N0 in March 1981 when recruitment was incomplete or 
immigration occurred. Apparent time-specific mortality estimates for the 
remaining 10 months ranged from 83.3 - 99.9% (mean = 96.7%). Pooled 
estim ates using Heincke's procedures were 99.3 - 100%. Pooling Heincke's 
numerators and denominators from each comparison yielded an average 1 - S 
of 99.7%.
Weight. Girth, and Length Relationships
Total weight - total length, girth - total length, and standard length - total 
length regressions are presented in Table 13 with supporting statistics. Total 
weight - total length regressions for males and fem ales were not significantly
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Figure 20. Length frequency and cumulative percent of Prionotus
longispinosus. all data pooled. Frequencies are moving averages 
of three.
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Table 13. Weight - length, girth - length, and length - length regressions for 
Prionotus longispinosus with supporting statistics. All regressions
were significant at a  =.001. Measures are grams and millimeters.
Equation n
Obs. Size 
Range 100r2
log TW = 2.9951 (log TL) - 4.9717 
(all fish pooled)
2,574 21-253 99.4
log TW = 2.9674 (log TL) - 4.9128 
(males and females)
1,609 40-253 97.6
log TW = 2.8782 (log TL) - 4.7311 
(males)
655 40-190 96.9
log TW = 3.0066 (log TL) - 4.9919 
(females)
954 56-253 98.0
log TW = 2.9557 (log TL) - 4.9078 
(im matures)
949 21-102 98.9
G = 0.17 (T L )-1.08 707 21-253 97.6
TL = 5.80 (G) + 8.20 707 21-253 97.6
TL = 1.32 (SL) - 0.59 708 21-253 99.7
SL = 0.76 (TL) + 0.66 708 21-253 99.7
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different in slope (F = 2.23; d.f.= 1, 1605) or elevations (F = 0.31; d.f.= 1,1605). 
Regression equations for males, females, and immatures, however, were 
significantly different in slope (F = 3.99; d.f.= 2, 2561) and elevation (F = 20.19; 
d.f.= 2, 2561). Therefore, separate equations are presented for males, females, 
and immatures, in addition to pooled regressions.
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Discussion
Maturation and Spawning
I found J£. longispinosus mature at 120 -1 3 0  mm as  they approach or 
reach Age I. The only other information on maturation of this species is Lewis' 
(1973) report of a  mature fish at 171 mm.
The primary winter - spring spawning period that I found for E- 
longispinosus in the northwestern Gulf -- January through April or May -- agrees 
with the limited literature. Swingle (1971) suggested a  winter - spring spawning 
period based upon a  ripe specimen collected by Hildebrand (1954) in January 
and his own collection of small individuals from April to June. Lewis (1973) and 
Miller (1965) also collected young-of-the-year in June and July, respectively.
I collected few Ripe females and few fish older than 12 months of age in 
the northwestern Gulf suggesting that P. longispinosus: (1) remain in the 
northwestern Gulf but become less vulnerable to trawling during later stages of 
gonad maturity, or (2) emigrate from the northwestern Gulf to spawn elsewhere. 
The fact that other species of Prionotus were collected when Gravid or Ripe -- 
notably E- paralatus (see Chapter 111) -- suggests movements to other Gulf 
regions as the most likely explanation. In addition, the largest E. longispinosus I 
observed in the northwestern Gulf were much smaller than those reported in the 
northcentral Gulf (see discussion of Maximum Size). This pattern has been 
reported in many other fishes, and Murphy and Chittenden (1991) suggested it 
reflected spawning or post spawning movements from the northwestern Gulf to 
the northcentral Gulf. Most of these previous findings refer to fishes of the white 
shrimp community, so my findings are the first evidence that this pattern also 
occurs in the fauna of the transition zone (see discussion on Bathymetric 
Distribution).
I found a  few E- longispinosus in mid to late fall that were 20 - 50 mm in 
length and, potentially, 1 - 3 months old. These fish suggest a  minor second 
spawning period in the late summer months of August and September, or 
continued low level spawning through the summer. While new to the genus 
Erionotus. two spawning periods have been suggested for other Gulf fishes,
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including Q, arenarius (Shlossman and Chittenden, 1981), nothus (DeVries 
and Chittenden, 1982), Fundulus grandis (Wass and Strawn, 1983), L  fasciatus 
(Standard and Chittenden, 1984), M- americanus (Harding and Chittenden, 
1987), and E- burti (Murphy and Chittenden, 1991). As with these other 
species, it would be desirable to confirm age of the specim ens that suggest the 
minor spawning period, possibly using the daily otolith increment technique 
(Jones, 1986).
My interpretation of the winter - spring, and possibly late summer, 
spawning periodicity in E. longispinosus is similar to findings that many other 
Gulf species spawn in discrete periods related to current transport (Murphy and 
Chittenden, 1991). I also found this pattern in E  tribulus. These species are 
members of both the white shrimp and brown shrimp communities and the 
existence of this pattern in E- longispinosus extends it to the fauna of the 
transition zone. The primary winter - spring spawning period of E. 
longispinosus in the northwestern Gulf coincides with downcoast (towards 
Mexico) alongshore currents and onshore Ekman transport of surface water 
which probably transports pelagic eggs and larvae downcoast and onshore. 
Large numbers of young recruited to the study area  towards the end of this 
period. Recruitment appeared to end, and I observed little or no evidence of E  
longispinosus spawning, during the summer period of upcoast alongshore 
currents (towards Louisiana) and offshore Ekman transport at the surface. The 
few fish that I identified as members of Summer cohorts may represent: (1) 
continued spawning of the primary Winter cohort but during the summer period 
when alongshore currents would transport eggs and larvae from the 
northwestern Gulf towards the northcentral Gulf, or (2) a  secondary minor 
spawning period about August through September when currents have 
returned to downcoast and onshore.
My finding that Winter cohorts of E  longispinosus may have multiple 
peaks of recruitment is new. However, this pattern also occurs in other species 
of the northwestern Gulf, including Q. nothus (DeVries and Chittenden, 1982),
E. octonemus (Dentzau and Chittenden, 1990), and E- burti (Murphy and 
Chittenden, 1991). It suggests temporary, brief intra-cohort variation in 
spawning or recruitment success, and/or transport mechanism(s).
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Bathymetric Distribution and Recruitment
I found that £ . longispinosus has a wide bathymetric distribution in the 
northwestern Gulf of Mexico -- 5 to  100 m -- but they are distinctly most 
abundant at 13 - 27 m. The primary depth range occupied in the northwestern 
Gulf corresponds to the outer ed g e  of the white shrimp community and the 
transition zone (Chittenden et a l.t 1982) between the white and brown shrimp 
communities. No other report in the literature d iscusses the primary habitat of 
this species in relation to the fish communities there. However, the wide 
bathymetric distribution I found ag rees with Ginsburg (1950) who reported this 
species ranges from shallow coastal waters and bays offshore to 160 m depths. 
Other reported maximum depths range from 87 m (Lewis, 1973; McCaffrey, 
1981) to at least 110 m (Chittenden and Moore, 1977). Prionotus longispinosus 
may occupy deeper depths in the  northcentral Gulf than in the northwestern 
area. Chittenden and Moore (1977) captured most of their specim ens along the 
110 m contour off northeast T exas - Louisiana, and Chittenden and McEachran
(1976) suggested that the white shrimp community, at ieast, penetrates into 
deeper water in that area.
I found distinct size gradients with depth in which progressively larger 
young-of-the-year E- longispinosus radiated out -- both inshore and offshore -- 
from a  central core near 18 - 22 m at which they apparently recruited to the 
bottom. Similar size gradients, in part, in which progressively larger young 
occurred in deeper water, have been reported in many other Gulf fishes 
including M- undulatus (White and Chittenden, 1977), S . caprinus (Geoghegan 
and Chittenden, 1982), L. fasciatus (Standard and Chittenden, 1984), P. 
octonemus (Dentzau and Chittenden, 1990), and E. burti (Murphy and 
Chittenden, 1991). These species generally are mem bers of the white shrimp 
community, but £ . caprinus is a  member of the brown shrimp community. The 
occurrence of these patterns in E- longispinosus extends them to members of 
the transition zone fauna also. The pattern has been interpreted to reflect 
gradual offshore dispersal of the older, larger young in these other species. I 
have also linked it to reversed current patterns in the summer (see discussion 
on P. tribulusl in which there is upcoast (towards Louisiana) alongshore
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currents which could passively transport the fish toward the northcentral Gulf in 
the summer. Ginsburg (1950) and Hildebrand (1954) also reported that larger 
£ . longispinosus occurred offshore, though it is not clear from their reports 
whether these fish were young-of-the-year or Age I and older. Ginsburg (1950) 
concluded from the size-depth pattern that E. longispinosus spaw ns in shallow 
waters and then moves offshore to mature. My data suggest instead that E- 
longispinosus recruit primarily at 18 - 22 m and that from there larger, older fish 
radiate out both: (1) offshore to deeper water and/or to the northcentral Gulf to 
spawn (see discussion on Maturation and Spawning) and (2) inshore for a  
temporary period before they move offshore. The latter size gradient, one in 
which progressively larger young occur inshore, is unlike the size gradient 
generally reported in other species. The latter pattern does not simply reflect a  
reversed alongshore current system typical of the summer. It may reflect 
instead temporary back and forth reversals of the wind-driven alongshore 
current system that result in two gradients, not just one, because current 
patterns in the northwestern Gulf rapidly respond -- within hours -- to changes in 
the forcing winds (Kelly et al., 1984).
Aae Determination and Growth
Age and growth of E- longispinosus have not been described previously, 
so all my information on this topic is new. My age determinations based on 
length frequency analysis appear reliable, because I had a  long-term set of 
cruises closely linked in time. Most Winter cohorts and their boundaries were 
readily followed over time, because only one cohort usually predominated. 
Individuals older than 12 months were not common and were hard to follow in 
the length frequencies, so their ages may be in error. Other difficulty in aging E. 
longispinosus stem s from individuals tentatively designated as being from 
Summer cohorts. Few of those fish could be aged with certainty and 
confirmation of their ag es is needed. The Summer individuals may simply 
represent faster growing Winter individuals, or ones that spawned a  bit earlier 
than January.
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Maximum Size. Life Span, and Mortality
The largest E. longispinosus collected in this study was a 256 mm fish 
from the northwestern Gulf. That is much smaller than the maximum size of 307 
mm (?L) reported by Ginsburg (1950) and a 326 mm specimen reported by 
Franks et al. (1972) from the northcentral Gulf.
Atypical maximum life span ( t j  in the northwestern Gulf is most likely 1 - 
2 years. I found that nearly all specimens disappear from this area by 10 -1 2  
months of age. Moreover, l[_ was 146- 157 mm, sizes that agree with observed 
and predicted sizes of 138 - 166 mm at Age I. The few fish I collected about 250 
- 260 mm would seem  to be Age II or older given the sizes I found at Age I.
The apparent mean total annual mortality rates approaching 100% that I 
observed for E  longispinosus agree with theoretical estimates of 90 -100%  
(Royce, 1972:238) if the maximum life span is only 1 - 2 years. No other 
information is available on mortality rates in this species. My mortality rates 
would be too high and estimates of ti_ would be too low stock for a  stock that 
ranges over both the northwestern and northcentral Gulf, if larger, older fish 
occur in other Gulf areas, for example, emigrating from the northwestern Gulf to 
spawn.
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CHAPTER III. THE MEXICAN SEAROBIN. PRIONOTUS PARALATUS
Introduction
The Mexican searobin, Prionotus paralatus Ginsbura. is a  common 
demersal fish that ranges in the Gulf of Mexico from east Texas and Louisiana, 
where it is sympatric with £ . a la tus. its cognate from the eastern Gulf, south 
along the Texas and Mexican coasts to the Gulf of Cam peche (Miller and Kent, 
1971). it is abundant along the continental shelf at depths of 31 -127  m 
(Hildebrand, 1954; Moore et al., 1970; Miller and Kent, 1971) where it is a  
m em ber of the brown shrimp community (Chittenden and Moore, 1977) 
described by Hildebrand (1954) and Chittenden and McEachran (1976).
The life history of E. paralatus is poorly known, despite its abundance in 
the northwestern Gulf. No directed, comprehensive studies of its life history 
have been reported, although Miller and Kent (1971) presented information on 
distribution and ecology. Further information is limited to brief, generalized 
descriptions that address size, distribution, temporal occurrence, and 
reproductive biology (Lewis, 1973; Chittenden and McEachran, 1976; 
McCaffrey, 1981). Other references to P. paralatus are m ade in Hildebrand 
(1954), Moore et al. (1970), Franks et al. (1972), and Chittenden and Moore
(1977), and again include general information limited to size, distribution, and 
temporal occurrence.
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Details of Species-Specific Methodology
Prionotus paralatus were collected in 68 of the 71 cruises from October 
1977 through August 1981. A total of 5,472 fish were collected and measured 
for total length; 2,790 were randomly selected for detailed processing.
Descriptions of the beginnings and ends of the spawning period used an 
analysis, in part, of sizes in length frequencies. Appendix 5 summarizes details 
of the size data. This analysis assum ed the following size and age 
combinations predicted from a regression of total length on age using data for 
the first year of growth pooled over year c lasses and scaled to a final calculated 
hatching date of 2 December: 31 mm at two months, 45 mm at three months, 61 
mm at four months, 73 mm at five months, and 78 mm at six months (see results 
on Age Determination and Growth). Hereafter, fish hatched from winter through 
early spring are referred to as Winter cohorts (see results on Maturation and 
Spawning Periodicity).
Calculations to estimate the duration of the spawning period in Winter 
cohorts were based on estimates of time-specific size range and growth/day 
using June  - July data  in 1978, 1979, and 1980, and April - June data  in 1981. 
These were the first months when recruitment appeared complete (Figure 21). 
These procedures assum e large fish hatch before small ones and all grow at 
the sam e rate, assumptions that appear reasonably valid because confidence 
limits for observed values (Table 14) were fairly constant between cruises within 
these periods, except on 19 July when only two fish were collected.
Hatching dates used to se t time scales for spawning periodicity, age 
determination, and growth calculations were approximated by an iterative 
process. A hatching date of 1 January was assigned to start iteration because: 
(1) fish 40 - 80 mm, and presumably 2 - 6 months old, first appeared in April 
and May (Figure 21), and (2) slopes of the regression of gonad weight on total 
length (Figure 22) and mean GSI (Figure 23) were greatest in or near January.
The most realistic regression equations for setting time scales for growth 
calculations and estimating hatching dates were developed from the first year of 
growth because initial calculations over the entire life span were unrealistic; for
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Figure 21. Monthly length frequencies of Prionotus paralatus off Freeport, Tx.
Day and night cruises are labeled D and N following the collection 
date. Bars in each panel depict cohort size ranges. Above the bar, 
the letter and first two digits indicate the cohort; the last digit is age 
in years. Age designation for each cohort changed in December to 
correspond with a  1 December hatching date. Frequencies are 
moving averages of three.
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Table 14. Calculations for listed confidence limits (CL) of observations (Obs.) 
used to estimate duration of the spawning period in Prionotus 
paralatus.
Collection
Date n X
99% CL 75% CL 
of Obs. of Obs.
50% CL 
of Obs.
M ater 1.97.8 O.Qho.rt
14 Jun 78 D 33 76.7 53.3-100.1 66.7-86.7 70.9-82.6
15 Jul 78 D 3 88.3 63.4-113.3 84.3-92.4 86.3-90.4
mean interval 48.3 14.0 7.9
spawning duration 
(days)
48.3 14.0
----- = 129 ------ = 37
.374 .374
7.9
---- = 21
.374
Growth/
Day
.374
.374
Winter 1979 Cohort
6 Jun 79 N 60 72.2 47.4- 97.1 61.4- 83.1 65.9- 78.6
.340
21 Jun 79 D 7 77.3 56.7- 97.9 70.2- 84.4 73.3- 81.3
.050
5 Jul 79 N 64 76.6 59.4- 98.3 67.1- 86.1 71.1- 82.1
1.56
19 Jul 79 D 2 98.5 -36.5-233.5 93.4-103.6 96.4-100.6
mean interval 99.9 16.3 9.0 .650
99.9 16.3 9.0
spawning duration —  = 154 ---- = 25 ---- = 14
(days) .650 .650 .650
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Collection
Date n X
99% CL 
of Obs.
75% CL 
of Obs.
50% CL 
of Obs.
Winter 1980 Cohort
2 Jun 80 N 143 77.1 38.8-115.4 60.1-94.0 67.1- 87.0
19 Jun 80 D 31 80.6 48.6-112.5 66.9- 94.2 72.6- 88.5
7 Jul 80 N 250 88.4 56.5-120.2 74.2-102.5 80.1- 96.7
mean interval 68.1 29.8 17.5
spawning duration 
(days)
68.1 29.8
---- = 213 - - -  = 93
.320 .320
17.5
.320
Day
.206
,433
.320
Winter 1981 Cohort
7 Apr 81 N 18 56.1 33.5- 78.6 46.8- 65.3 50.7- 61.4
.326
4 May 81 N 83 64.9 24.2-105.7 47.0- 82.8 54.5- 75.4
.733
19 May 81 D 17 75.9 29.8-122.1 57.1- 94.8 65.0- 86.9
.779
2 Jun 81 N 88 86.8 56.6-117.1 73.5-100.1 79.0- 94.6
mean interval 69.9 29.7 17.3 .613
69.9 29.7 17.3
spawning duration .......= 114 -—  = 48 ----- = 28
(days) .613 .613 .613
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Figure 22. Regressions of gonad weight on total length for Prionotus paralatus. 
pooled within months. Equations and supporting statistics are 
provided in Table 15. Measures are grams and millimeters.
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Figure 23. Monthly gonadosomatic index (GSI) values for Prionotus paralatus.
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example, quadratic regression of total length on age for the 1979 cohort yielded 
an initial hatching date of 11 August. The equation for the 1981 cohort w as 
developed by deleting the 15 June 1981 collection because only one small fish 
was collected, which probably reflects incomplete recruitment. Hatching dates 
were not calculated for the 1977 and 1978 cohorts because few of these fish 
were captured in their first year of life; however, these data  points were included 
in the pooled data. Growth of £ . paralatus did not appear to be curvilinear or to 
reach an asymptote, so von Bertalanffy growth equations were not fitted to these 
data. Observed mean sizes were based on pooled data from May, June, and 
July at 6 months and December, January, and February data at 12 and 24 
months.
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Results
Maturation and Spawning Periodicity
Prionotus paralatus in the northwestern Gulf of Mexico mature at 8 5 -1 2 5  
mm, a s  they approach or reach Age I. No females less than 84 mm were in the 
Early Developing stage and none greater than 125 mm were in the Maturing 
Virgin stage (Figure 24). Gonad development w as distinct as maturing females 
entered the Early Developing stage at about 85 mm, and Late Developing, 
Gravid, and Ripe stages at 100 - 160 mm. Regressions of gonad weight on total 
length generally support these data, because extrapolated X-intercepts were 65 
- 95 mm during the December - April period when spawning occurs (Figure 22; 
Table 15). Age compositions and sizes at age presented later indicate that E- 
paralatus mature to first spawn at 10 -1 2  months of age.
Little somatic growth of female P. paralatus seemingly occurs after they 
enter the later stages of gonad development. Mean sizes were 123 mm in the 
Early Developing stage, 133 mm when Late Developing, 124 mm when Gravid, 
131 mm when Ripe, 135 mm when Spawning/Spent, and 130 mm when 
Resting (Figure 24). Similar maximum and minimum sizes were also 
maintained through these  stages.
Spawning of E. paralatus occurs in one discrete period from December 
through April. Gonad analyses indicate Gravid or Ripe fish were collected only 
during these  months (Figure 25), and that mean and maximum GSI values 
(Figure 23) and slopes and elevations of the regressions of gonad weight on 
total length were highest then (Figure 22; Table 15). Length frequencies 
support these data because fish 40 - 80 mm, and about 2 - 6  months old, first 
appeared in May and June in 1978 and 1979 and in April and May in 1980 
(Figure 21), indicating a  spawning period from December through April. The 
generally well-defined modes in the first year of life suggest spawning occurs in 
one discrete period.
Little or no spawning of £ . paralatus occurs from June through 
November. Almost all females were staged as Immature, Maturing Virgin, Early 
Developing, or Resting during these months (Figure 25); only one fish was
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Figure 24. Length frequencies by gonad stage for female and immature
Prionotus paralatus. See Table 1 for gonad maturity stage criteria. 
Frequencies are moving averages of three.
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Table 15. Monthly regressions of gonad weight (GW) in grams on total length 
(TL) for Prionotus paralatus. pooling collections within months. 
Regressions were significant at a  =.05 and are plotted in Figure 22 
Intercepts are presented for the primary spawning months.
Obs. Size 
Range n 100r2
GW
Range Equation X-int.
Jan 78-160 130 29.2 .01-2.05 GW =.01341 (TL) - 1.2555 93.6
Feb 91-162 90 6.2 .01-2.51 GW =.00737(TL) -.48211 65.4
Mar 91-153 137 8.0 .01-1.69 GW =.00806(TL) - .56356 69.7
Apr 100-175 104 9.2 .01-1.55 GW =.00725(TL) - .69033 95.2
May 64-158 97 19.0
oCO1o GW =.00087(TL) - .06631
Jun 68-157 150 38.4 .01- .20 GW =.00085(TL) - .06381
Jul 63-158 136 55.6 .01- .10 GW =.00070(TL) - .04955
Aug 75-186 51 34.1 .01- .11 GW =.00052(TL) - .03415
S ep 79-138 19 30.1 .01- .10 GW =.00068(TL) - .05076
Oct 75-156 86 58.5 .01- .21 GW =.00200(TL)-.17929
Nov 82-154 69 51.2 .01- .39 GW =.00287(TL) - .26751
Dec 81-166 192 25.6 .01-5.99 GW =.01360(TL)-1.2755 93.8
8 6
Figure 25. Monthly gonad maturity s tag es for female and immature Prionotus 
paralatus. S ee  Table 1 for gonad maturity stages.
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Gonad Stage
staged as Late Developing (collected in November 1979) and none were 
Gravid or Ripe. In addition, GSI values (Figure 23) and slopes and elevations 
for gonad weight - total length regressions (Figure 22; Table 15) were at a  
minimum during the June - November period. Length frequencies support 
these data  because few fish less than 80 mm were collected from late July 
through March (Figure 21).
Collections of £ . paralatus from the northcentral Gulf also suggest little or 
no spawning from late spring through summer. Of the 34 females collected in 
June and July 1986, 22 were Immature and 12 were Resting.
Calculated hatching dates for £ . paralatus in the northwestern Gulf were 
generally within the December portion of the spawning period indicated by 
gonad and length frequency data. Calculated hatching dates were 28 
December, 30 November, and 17 December for the 1979,1980, and 1981 
cohorts, respectively, and 2 December for pooled data (Table 16).
Successful spawning in £ . paralatus spans the entire December - April 
period. Calculated overall spawning period durations based on mean 99% 
confidence limits for observations were 129 days in 1978,154 days in 1979,
213 days in 1980, and 114 days in 1981 (Table 14). Except for 1980, these 
estim ates generally agree well with the roughly 150 day spawning period 
indicated by length frequency and gonad data.
A large fraction of the spawning in P. paralatus may occur in a  period 
much shorter than the calculated overall spawning period duration. Based on 
mean 75% and 50% confidence limits for observations, respectively, calculated 
spawning periods were 37 and 21 days in 1978, 25 and 14 days in 1979, 93 
and 55 days in 1980, and 48 and 28 days in 1981 (Table 14). On average, the 
duration estimated using 75% and 50% confidence limits was 33% and 19%, 
respectively, of that using 99% limits. This suggests much spawning occurs in a  
relatively small part of the overall period.
Cohorts of £ . paralatus are apparently produced largely by fish that first 
spawn when 1 0 - 1 2  months old. This is supported by: (1) the general decline 
in abundance during the September - November period when fish are 
predominantly approaching 1 0 - 1 2  months of age (Figure 21), (2) the 
occurrence of large mean and maximum GSI values in the December - April
8 8
Table 16. Summary of the iterative process used to calculate final hatching 
dates and set time scales for growth calculations for Prionotus 
paralatus. Equations describe regressions of observed mean total 
length (TL) on age in days. Initial age values and growth equations 
were scaled to a  1 January hatching date. Final fitted regressions 
are in Figure 28.
Winter 1979 Cohort (n = 13) U2&2
Initial growth equation Y = -.0009X2 + .6057X + 2.439 -4.0 86.8
Final growth equation Y = -.0009X2 + .6128X + .0018 0.0 86.8
Hatching Date = 28 December
Winter 1980 Cohort (n = 16)
Initial growth equation Y = -.0007X2 + .4939X + 16.54 -32.0 88.8
Final growth equation Y = -.0007X2 + .5379X + .0032 0.0 88.8
Hatching Date = 30 November
Winter 1981 Cohort (n = 9; without 15 June 81)
Initial growth equation Y = -.0008X2 + .5944X + 8.894 -14.6 94.0
Final growth equation Y = -.0008X2 + .6172X + .0000 0.0 94.0
Hatching Date = 17 December
Pooled Data (n = 47)
Initial growth equation Y = -.0008X2 + .5217X + 16.19 -29.7 84.8
Final growth equation Y = -.0008X2 + .5681X + .0004 0.0 84.8
Hatching Date = 2 December
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period when fish are predominantly 12 months of age (Figure 23), and (3) the 
collection of Gravid and Ripe females during the December - April period 
(Figure 25).
The male to female sex  ratio of E. paralatus approached 1:1, though it 
depends on their size. A ratio of 1.00 male to 1.05 females was observed in 
900 fish greater than or equal to 123 mm, the mean size in the Early Developing 
stage. This sex  ratio did not differ significantly from 1:1 (X2= 1.78; 1 d.f.; a  =.05). 
However, a ratio of 1.00 male to 1.36 females was observed in 1,951 fish 
greater than or equal to 84 mm, the minimum size in the Early Developing 
stage. This sex  ratio differed significantly from 1:1 (X2= 56.18; 1 d.f.; a  =.05).
Bathymetric Distribution. Recruitment, and Movements
Prionotus paralatus occur at depths of 16 -100 m in the northwestern 
Gulf off Freeport, Tx, but they are most abundant by far at depths greater than 27 
m. Annual mean catches were highest by far over the broad depth range of 36 - 
100 m, though they varied greatly within that area (Figure 26). Catches were 
negligible shallower than 36 m. Only 11 fish were collected in nearly 2,400 
tows from depths of 22 m and less, and none were collected in less than 16 m.
Young-of-the-year £ . paralatus recruit in the northwestern Gulf almost 
exclusively at 36 - 55 m depths. Winter-hatched fish, 3 0 -  100 mm, were 
abundant at these  depths in the April - June period (Figure 27A), being most 
abundant at 36 m. Catches sharply declined at depths outside the 36 - 55 m 
range. Only seven young were collected at depths greater than 55 m, and only 
ten were collected at depths less than 36 m -  all at 27 m.
Young-of-the-year P. paralatus gradually disperse towards deeper water 
in the period July - August, a  pattern that continues in the period September - 
November. The young showed distinct size gradients with depth during these 
periods (Figure 27B.C), gradients that indicate dispersion to offshore waters.
The larger, presumably older, young fish showed a clear offshore shift in 
distribution in the July - August period. This pattern continued in the September 
- November period, though less strongly, as abundance declined at all depths.
90
Figure 26. Catch per unit effort {CPUE = mean number of fish per 10 minute
tow) by depth for Erionotus paralatus off Freeport, Tx, each year and 
pooled, October 1977 - August 1981.
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Figure 27. Length frequencies by depth for Prionotus paralatus: (A) April - 
June, (B) July - August, (C) September - November, and (D) 
December - March. Data in each panel were pooled over the period 
October 1977 - August 1981. Catch per unit effort and age 
designations are presented above each horizontal bar. Age 
designations changed in December to correspond best with a  1 
December hatching date. Frequencies are moving averages of 
three.
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During the December - March portion of the primary spawning period, 
adult E. paralatus occupy the 36 - 100 m bathymetric range. Adult fish, 8 0 -1 3 0  
m and now near Age I, were most abundant by far at 36 m in the period 
December - March (Figure 27D). They and larger, older fish were more or less 
uniformly distributed in deeper waters of 47 - 100 m, but they were almost 
absent from waters shallower than 36 m.
Adult E- paralatus largely abandon the inshore portion of their range after 
the young recruit there. Adults of Age I and older were abundant at 55 - 73 m in 
the period April - June as the young recruited. Thereafter, the adults apparently 
moved offshore, because they were much less abundant at 55 m in the July - 
August period and few or none were captured at 36 - 47 m. Adults were most 
abundant at 64 -1 0 0  m in the July - August period, the outer edge of the depth 
range sampled.
Adult E- paralatus show homogeneity of size with depth over much of the 
year. Age I and older fish showed similarity in size throughout their depth range 
in the periods April - June and July - August (Figure 27A.B). That pattern 
generally continued in the period September - November when they were not 
abundant (Figure 27C).
Prionotus paralatus occur in the northwestern Gulf throughout the year. 
They were generally most abundant from May through August and least 
abundant from Septem ber through November (Table 17).
Aae Determination and Growth
Few cohorts of E. paralatus exist in the northwestern Gulf and only one or 
two generally predominate at a given time. Length frequencies primarily 
followed two cohorts through time, the young-of-the-year and Age I age groups 
(Figure 21). The exceptions to this are the occurrence of a  few large fish 
collected on 14 April 1978, 14 December 1978, 14 December 1979,16 January
1980, 5 March 1980, 1 April 1980, 1 December 1980, 7 April 1981, and 20 July
1981. These individuals are generally larger than 160 mm, which approaches 
the typical maximum size in the northwestern Gulf (see results on Maximum
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Table 17. Catch per unit effort (CPUE = m ean number of individuals per 10 
minute tow) of Prionotus paralatus bv month from collections m ade 
between October 1977 and August 1981, and pooled by month. No 
cruise was m ade in January, August, and November in 1978, or in 
January 1979.
1977 1978 1979 1980 1981 Pooled
Jan — — — 1.0 1.6 1.3
Feb — 0.2 0.0 0.6 1.7 0.9
Mar — 0.1 1.3 0.4 1.0 1.2
Apr — 0.7 0.8 0.2 1.1 0.7
May — 0.2 5.3 0.4 2.0 1.8
Jun — 1.7 2.5 1.8 1.0 1.7
Jul — 0.1 0.9 2.2 5.0 2.6
Aug — — 0.5 0.2 12.0 5.2
Sep — 0.1 0.3 0.1 — 0.2
Oct 0.0 0.5 0.4 1.0 — 0.6
Nov 0.0 — 0.5 1.4 — 0.9
Dec 1.1 1.9 0.6 1.6 — 1.3
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Size, Life Span, and Mortality). They may represent Age ill or older fish, 
because age designations are not clear for these larger individuals.
Length frequencies suggest P. paralatus are not abundant in the 
northwestern Gulf after 24 - 25 months, and very few reach 30 - 36 months of 
age. Once recruited, each cohort could be followed through, or approaching, 
early Age II when they generally disappeared, or becam e unidentifiable, as a 
new cohort began to recruit (Figure 21).
Apparent growth of £ . paralatus based on observed mean sizes at age 
and quadratic regressions was consistent between m ethods and years. 
Observed mean sizes at 6 months were 74 - 88 mm for 1978, 71 - 99 mm for
1979, 64 - 92 mm for 1980, and 63 - 97 mm for 1981 (Table 18; Appendix 5). 
These values at 6 months generally agree with regression predictions of 75 - 87 
mm (Table 18; Figure 28). For Age I, observed mean sizes were 104 -1 1 2  mm 
for 1977, 98 -1 0 5  mm for 1978,103 - 119 mm for 1979, and 105 -1 1 9  mm for
1980. These Age I values also agree with regression predictions of 103 -122  
mm at Age I. Observed mean sizes at a  presumed Age II were 1 4 5 -1 4 8  mm for 
1977, 142 - 147 mm for 1978, and 147 -151 mm for 1979 (Appendix 5).
Maximum Size. Life Spark_and_Mortalitv
Prionotus paralatus in the northwestern Gulf reach a  maximum size of 
about 200 mm, but more typically 160 - 165 mm. The largest of the 5,472 fish 
collected from October 1977 to August 1981 was 198 mm. However, 99.5% 
were less than 164 mm, 99% were less than 161 mm, and 95% were less than 
152 mm (Figure 29). The 161 and 164 mm sizes estimate an apparent lj_. The 
largest fish collected in the northcentral Gulf aboard the Oregon II was 179 mm, 
though only 78 fish were collected (Figure 30).
The apparent typical maximum life span of P. paralatus in the 
northwestern Gulf seem s to be only 2 - 2.5 years, although a  few fish seem  to 
approach Age III. A value of t[_= 2 - 2.5 years is reasonable because lL was 161 
-1 6 4  mm. Age compositions and sizes presented earlier indicate: (1) observed 
mean sizes of fish at Age II were 142-151  mm, with the upper 99% confidence 
limits of observations ranging to 175 mm (Appendix 5), and (2) £ . paralatus
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Table 18. Sizes (mm TL) at 6 and 12 months of age for Prionotus paralatus 
predicted by regression growth equations, with observed mean 
sizes. Growth equations were calculated from mean lengths of each 
cohort by collection and scaled to calculated hatching dates (see 
Figure 28).
Cohort
Sizes Predicted by 
Regression Obs. Mean Size
Winter 1978 
Winter 1979 
Winter 1980 
Winter 1981 
All Fish Pooled
82.1
75.3
86.8
77.7
6 Months
74.0- 88.3 
71.2- 98.5
64.0- 92.0 
63.0 - 96.9
12 Months
Winter 1977 
Winter 1978 
Winter 1979 
Winter 1980 
Winter 1981 
All Fish Pooled
104.7 
104.9
121.7 
103.3
104.0 -111 .7  
98.1 - 105.0
103.2 - 119.3
105.0 - 118.7
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Figure 28. Mean observed sizes at age and sizes predicted by quadratic 
regression for Prionotus paralatus of the 1979, 1980, and 1981 
cohorts, and pooled over the 1977 - 1981 time period. Crosses (X) 
and solid boxes indicate observed mean sizes; solid boxes indicate 
data  for the first year of growth that were used in calculations. Initial 
equations (i.e.) were scaled to a  1 January hatching date and final 
equations (f.e.) were scaled to the calculated hatching date (H.D.). 
Table 16 summarizes the iterative process used to calculate 
hatching dates.
97
Age (days)
Total Length (mm) Total Length (mm)
<0
o
>ao
‘Sp
-4
IN)
03 01
00
o
o
o
IS) ro
03o m
00
rao o o
o
ro
o
o
a
O)
00
a
§
o
(O00
ro ra
03O
o
M
CDO
160 -1 
160
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data pooled. Frequencies are moving averages of three.
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disappear from the northwestern Gulf off Texas at 24 - 25 months of age and 
few approach Age III (Figure 21). I estimated the largest specimen, a  198 mm 
individual, w as 31 months old when collected in July 1981. Unusually large 
individuals (>180 mm) collected on 14 April 1978, 14 December 1979, and 1 
December 1980 also suggest that a  few individuals survive to at least Age III in 
the northwestern Gulf, though it is difficult to reliably age larger specim ens using 
length frequencies.
Prionotus paralatus have an apparent total annual mortality rate that 
approaches 90 - 100% in the northwestern Gulf, mean time-specific values 
being 89.5 - 97.3% (Z = 2.25 - 3.61). In 10 of the 36 months over which 
collections were made only one cohort was present, so apparent time-specific 
values were 100% because Nt was zero in the ratio Nt / N0 (Appendix 6).
Values of Nt exceeded or were equal to Nq in 12 instances where recruitment 
was incomplete or immigration occurred. Apparent time-specific mortality 
estimates for the remaining 14 months ranged from 74.3 - 99.6% (mean = 
86.6%). Pooled estim ates using Heincke's procedure were 90.5 - 97.3%, 
depending on the spawned groups compared. Pooling Heincke’s  numerators 
and denominators from each comparison yielded an average 1-S of 92.8%.
Weight. Girth, and Length Relationships
Total weight - total length, girth - total length, and standard length - total 
length regressions are presented in Table 19 with supporting statistics. Total 
weight - total length regressions for males and females were significantly 
different in slope (F = 4.64; d.f.= 1, 2069) and in elevation (F = 13.83, d.f.= 1, 
2069). Therefore, separate equations are presented for males, females, and 
immatures, in addition to pooled regressions.
1 0 0
Table 19. Weight - length, girth - length, and length - length regressions for 
Prionotus paralatus with supporting statistics. All regressions were 
significant at a  = .001. Measures are grams and millimeters.
Equation n
Obs. Size 
Range 100r
log TW = 3.0233 (log TL) - 5.0566 
(all fish pooled)
2,750 30 -1 8 6 98.0
log TW = 2.9879 (log TL) - 4.9827 
(males and females)
2,073 6 3 -1 8 6 96.4
log TW = 2.9518 (log TL) - 4.9119 
(males)
811 7 4 -1 7 7 94.2
log TW = 3.0167 (log TL) - 5.0386 
(females)
1,262 6 3 -1 8 6 96.6
log TW = 3.0528 (log TL) - 5.1155 
(im matures)
677 3 0 -1 1 3 97.0
G = 0.17 (TL)-1.15 845 3 0 -1 8 6 92.4
TL = 5.37 (G) + 14.92 845 3 0 -1 8 6 92.4
TL = 1.27 (SL) + 0.42 845 3 0 -1 8 6 98.7
SL = 0.78 (TL) + 0.86 845 3 0 -1 8 6 98.7
1 0 1
Discussion
Maturation and Spawning
My finding that female E- paralatus mature at 8 5 -1 2 5  mm is generally 
similar to Lewis (1973) who reported mature £ . paralatus at 153 mm and mature 
E. alatus. the eastern Gulf cognate, at 127 mm. However, I found at least som e 
E- paralatus mature at a  much smaller size than has been previously reported. 
Sizes at age reported herein for E. paralatus indicate females are ready to 
spawn at 10 -1 2  months of age regardless of the reported size differences at 
maturity.
I found that spawning of E. paralatus occurs in one discrete period from 
December through April from my analyses of gonads and monthly or fortnightly 
length frequencies. Spawning must begin by December when Gravid or Ripe 
fem ales first appeared, and it must continue to mid spring when Gravid and 
Ripe fem ales last occurred. The little information available on spawning 
periodicity supports my results. Lewis (1973) also found ripe females in April in 
the northeastern Gulf. Hildebrand (1954) reported 49 - 79 mm E- paralatus in 
May which my data suggests were about 4 - 6 months of age and probably 
spawned in the period December - February. Finally, Chittenden and 
McEachran (1976) also reported a  late winter spawning period in the 
northwestern Gulf.
My interpretation of a  winter - spring spawning period for P. paralatus is 
similar to findings that many other species of the northwestern Gulf spawn 
within a  discrete winter - spring period related to current transport (Murphy and 
Chittenden, 1991). Most of these species are members of the white shrimp 
community, some of which, like P. tribulus. exhibit late summer to fall spawning. 
However, this pattern also occurs in £ . caprinus (Geoghegan and Chittenden, 
1982), a  member of the brown shrimp community like E. paralatus (see 
discussion on Bathymetric Distribution), and I have found it in P. lonQispinosus. 
a  m ember of the fauna of the transition zone. Spawning of P. paralatus in the 
northwestern Gulf coincides with downcoast longshore currents (towards 
Mexico) and onshore Ekman transport of surface waters, a phenomenon which
1 0 2
could transport pelagic eggs and larvae downcoast and towards the inshore 
limits of the brown shrimp community. Both mature fish and recent recruits were 
most abundant at 36 - 55 m -  the inshore limits of the brown shrimp community 
-- during this period. Alongshore currents reverse to upcoast (towards 
Louisiana) during the summer (June - August). As this occurs, the size gradient 
they show with depth indicates that larger young-of-the-year begin to move 
offshore from the inner edge of the brown shrimp community. As they approach 
Age I, the abundance of E- paralatus off Freeport, Tx. was much lower by fall 
when upcoast currents have ended.
Bathymetric Distribution
Prionotus paralatus is a deep water, shelf species associated with the 
brown shrimp community. I found they occupy 16 -100  m depths but they are 
clearly most abundant at depths greater than 27 m. This generally agrees with 
other studies (Hildebrand, 1954; Moore et at., 1970; Miller and Kent, 1971; 
Chittenden and McEachran, 1976). I had no sampling deeper that 100 m, but 
the abundance of £ . paralatus at 100 m suggests they range deeper. Maximum 
depths recorded for this species are 137 m (Miller and Kent, 1971) and 357 m 
(Springer and Bullis, 1956) off Texas and 187 m off Mississippi (McCaffrey, 
1981). The complete absence of P. paralatus at depths shallower than 16 m 
and their almost complete absence from 16 - 27 m supports the conclusion of 
Chittenden and McEachran (1976) and Dentzau and Chittenden (1990) that 
fishes of the brown shrimp community, which spawn offshore, are not 
transported into the white shrimp community which occupies depths shallower 
than 18 m in my study area.
Aae Determination and Growth
My findings on age and growth of £ . paralatus are largely new, because 
little information has been reported on this topic. My observed and predicted 
sizes at Age I -- 98 to 122 mm -- and observed sizes at Age II --142 to 151 mm - 
- agree with Chittenden and McEachran’s (1976) findings that E- paralatus
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reach 8 0 -1 2 5  mm at Age I and 135 - 160 mm at Age II, the only other report on 
age and growth of this species. However, their data w as  based on quarterly 
collections in time and is not as conclusive as the time-intensive d a ta  series I 
used.
I determined age in months and years by length frequency analysis using 
almost 4 years of data from cruises so close together in time that m odes were 
generally easy to follow. Only one or two cohorts occurred in most collections 
and their size boundaries and ages are  quite clear. From the clear groups, one 
can work chronologically backward and forward in tim e to assign a g e  and 
cohort boundaries with reasonable certainty. As in £.* caprinus (Geoghegan 
and Chittenden, 1982) and L  fasciatus (Standard and  Chittenden, 1984), this 
modal group progression analysis can be a  superior m ethod of age 
determination for E- paralatus because: (1) spawning primarily occurs in one 
discrete period, (2) growth of large and small fish in a  cohort appear reasonably 
uniform because variances were generally constant betw een cruises, (3) length 
frequency modes are reasonably normally distributed within cohorts, and (4) for 
the most part age need only be determined for 1 - 2 years. These a re  the ideal 
conditions for using length frequencies to determine a g e  (Lagler, 1956;
Bagenal and Tesch, 1978). Despite the utility of this m ethod for most £ .  
paralatus. it cannot determine older a g e s  with certainty, because too few old 
fish occur and their linkage to younger ages is not fully clear.
Maximum SizeJ.ife_Span._and Mortality
The largest £ . paralatus collected in this study w ere 198 mm in the 
northwestern Gulf and 179 mm in the northcentral Gulf. The former is the same 
maximum size reported by Chittenden and McEachran (1976), then th e  largest 
specimen on record. O ther reported maximum sizes a re  184 mm from the 
northcentral Gulf (Franks et a!., 1972) and 158 mm (?L) (Ginsburg, 1950).
Unlike reports on many other species (see  discussion on P. tribulusT the 
available evidence does not suggest that older, larger E- paralatus occur in the 
northcentral Gulf.
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A typical maximum life span (t|_) in the northwestern Gulf is most likely 2 - 
2.5 years in agreement with Chittenden and McEachran (1976). I found that 
nearly all E. paralatus disappear from this area by 24 - 25 months of age. I 
found, moreover, that l|_ w as 161 -164  mm, sizes that are 10 -1 5  mm smaller 
than the upper 99% confidence limits for individual fish at Age II. Fish about 
200 mm, the largest recorded, would seem  to be at or near Age 111 given these 
confidence limits and observed mean sizes at Age II of 142 -151 mm.
A typical maximum life span of som e 2 - 2.5 years in P. paralatus follows 
a  general pattern of short life spans for many other species in the northwestern 
Gulf including M. undulatus (White and Chittenden, 1977), £ .  arenarius 
(Shlossman and Chittenden, 1981), Q. nothus (DeVries and Chittenden, 1982), 
L  fasciatus (Standard and Chittenden, 1984), E. octonemus (Dentzau and 
Chittenden, 1990), and E- burti (Murphy and Chittenden, 1991). Murphy and 
Chittenden (1991) reported that larger specim ens of these species might occur 
in the northcentral Gulf, and that the general pattern may reflect spawning or 
post-spawning movements of older, larger fish from the northwestern Gulf. My 
limited collections in the northcentral Gulf and the literature provide little 
evidence that such movements occur in P. paralatus though older, larger fish 
could occur in very deep water beyond my study area.
The apparent mean total annual mortality rates I observed forE- 
paralatus (89.5 - 97.3%) generally agree with theoretical estim ates of 85 - 90% 
(Royce 1972; 238) if maximum life span is typically only 2 - 2.5 years. My 
mortality estim ates are too high, and my estimates of t]_ too low for a stock that 
ranges beyond the northwestern Gulf -  if larger, older E. paralatus occur 
elsewhere in the Gulf.
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CHAPTER IV. THE BLACKWING SEAROBIN. PRIONOTUS RUBIO
Introduction
The blackwing searobin, Prionotus rubio Jordan, is a  demersal fish that 
ranges in the Gulf of Mexico from the west coast of Florida to Mexico (Ginsburg, 
1950) and along the South Atlantic from North Carolina to Florida (Floyd, 1980). 
Throughout its geographic range, it occupies a  broad depth distribution over the 
continental shelf. Ginsburg (1950), Boschung (1957), Moe and Martin (1965), 
Franks (1970), and Floyd (1980) report this species from depths of less than 12 
m while Bullis and Thompson (1965), Chittenden and Moore (1977), Floyd 
(1980), and Ross (1983) report it at 100 - 124 m.
The life history of P. rubio is poorly known, despite its wide geographic 
distribution. No directed, comprehensive studies of its life history have been 
reported, although information on its distribution, temporal occurrence, 
reproductive biology, and food habits is presented by Lewis (1973) and Ross 
(1974; 1983) for the northeastern and eastern Gulf, respectively. Floyd (1980) 
presents aspects of its distribution and ecology in the South Atlantic. Further 
information is limited to faunal notes that generally address size, distribution, 
and temporal occurrence (Gunter, 1945; Hildebrand, 1954; Springer and Bullis, 
1956; Bullis and Thompson, 1965; Miller, 1965; Franks, 1970; Franks et al., 
1972; Chittenden and Moore, 1977).
Recent nomenclature changes within the genus Prionotus (Robins et al.,
1991) may cause some confusion with respect to this species. Known for years 
as £ . salmonicolor. this species is now known as E- rubio based on the review 
by Miller and Richards (1991). This species also appears in the literature a s  E. 
pectoralis and E. vanderbilti. but these are now recognized as synonyms of £ . 
rubio (Miller and Richards. 1991).
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Details of Species-Specific Methods
Prionotus rubio were collected in 55 of the 71 cruises from October 1977 
through August 1981. A total of 749 fish were collected and measured for total 
length; 651 were available and used for detailed processing.
Age determination using length frequencies was very difficult in £ . rubio. 
Calculations presented for abundant species, such as hatching dates, duration 
of spawning, and growth are not presented for this species, because the 
present age data is not considered reliable.
107
Results
Maturation and Spawning Periodicity
Prionotus rubio in the northwestern Gulf mature at 8 0 -  120 mm. No 
fem ales less than 81 mm were in the Early Developing stage and none greater 
than 118 mm were in the Maturing Virgin stage (Figure 31). Females in later 
stages of gonad development were greater than 100 mm, with few exceptions. 
Mean sizes were 129 mm in the Early Developing stage, 141 mm when Late 
Developing, and 149 mm when Gravid (Figure 31). The three Ripe fish were 
139,148, and 224 mm, and the one Spawning/Spent fish was 143 mm. 
Regressions of gonad weight on total length support these data because 
extrapolated X-intercepts were 74 - 96 mm during the March - August period 
(Figure 32; Table 20), the months when spawning appears to occur.
Spawning of E. rubio apparently occurs over a  broad period from March 
or April through August. Mean and maximum GSI values (Figure 33) and 
slopes and elevations of regressions of gonad weight on total length (Figure 32; 
Table 20) were highest during this period, though regressions were not 
significant in July and October. In addition, females in Gravid, Ripe, and/or 
Spawning/Spent s tages appeared only from April through August (Figure 34). 
The broad duration of spawning indicated by gonad data is supported by fairly 
large collections of fish about 30 - 60 mm primarily in the late fall and winter 
months (December 1978, February 1980, November 1980, December 1980), 
and low numbers of 40 - 60 mm fish in the late spring and summer of 1981 
(Figure 35). However, the growth of these fish cannot be followed in the length 
frequencies, so the period when these  fish were hatched is not clear.
Little or no spawning of P. rubio apparently occurs from October through 
February. Mean and maximum GSI values were low during the October - 
February period (Figure 33), as were the slopes and elevations of regressions 
of gonad weight on total length (Figure 32; Table 20). All females were in the 
Immature, Maturing Virgin, Early Developing, or Resting stages in that period 
(Figure 34). Only three females were in the Late Developing stage (December 
1977, October 1979, February 1980) then and none were Gravid or Ripe
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Figure 31. Length frequencies by gonad stage for female and immature 
Prionotus rubio. See Table 1 for gonad maturity stage criteria. 
Frequencies are  moving averages of three.
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Table 20. Monthly regressions of gonad weight (GW) in grams on total length
(TL) for Prionotus rubio. pooling collections within months.
Regressions were significant at a  =.05, except when noted, and are 
plotted in Figure 32. Intercepts are presented for the primary 
spawning months.
Obs. Size GW
Range n lOOr2 Range Equation X-int.
Jan  74-177 7 60.3 .01- .39 GW = .00273(TL) - .18460
Feb 62-146 12 77.4 .01- .20 GW = .00217(TL) - .15786
Mar 66-184 29 14.9 .01-2.59 GW = .02125(TL) -1.5660 73.7
Apr 74-168 21 59.7 .01-4.10 GW = .03820(TL) - 3.6599 95.8
May 88-173 31 42.4 .01-5.00 GW = .05652(TL) - 5.2876 93.6
Jun 81-224 36 28.1 .01-11.5 GW = .06179(TL) - 5.6485 91.4
Jul NOT SIGNIFICANT
Aug 72-209 11 68.3 .01-4.90 GW = .03011 (TL) - 2.8443 94.5
Sep NO FEMALES COLLECTED
Oct NOT SIGNIFICANT
Nov 61-184 21 62.3 .01- .70 GW = .00377(TL) - .29632
Dec NOT SIGNIFICANT
1 1 1
Figure 33. Monthly gonadosomatic (GSI) values for Prionotus rubio.
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Male and female £ . rubio appear equally abundant. A ratio of 1.00 male 
to 1.05 females w as observed among 127 fish greater than or equal to 129 mm, 
the m ean size in the Early Developing stage. This sex ratio did not differ 
significantly from 1:1 (X2= 1.03; 1 d.f.; a  =.05). A ratio of 1.00 male to 1.12 
fem ales was observed among 428 fish greater than or equal to 81 mm, the 
minimum size at the Early Developing stage. This ratio also did not differ 
significantly from 1:1 (X2= 1.38; 1 d.f.; a  =.05).
Bathymetric Distribution and Recruitment
Prionotus rubio occur at 5 - 73 m in the northwestern Gulf off Freeport, Tx, 
but they are distinctly most abundant at 18 - 36 m. Annual m ean catches were 
generally highest at 18 - 36 m, declining markedly with increasing and 
decreasing depth (Figure 36). Only three specim ens were collected in 510 tows 
deeper than 47 m, and only 27 fish were captured in 366 tows at 5, 9, and 13 m 
depths.
Young-of-the-year £ . rubio apparently recruit primarily at 18 - 22 m in the 
northwestern Gulf. Fish 30 - 60 mm, presumably recently recruited young-of- 
the-year, were most abundant at 18 - 22 m in the period December - March and 
July - August (Figure 37A,C). Few, if any, fish that size were captured at any 
other depth then, or in the periods April - June and Septem ber - November 
(Figure 37B.D).
Adult £ . rubio primarily occupy the deeper portion of the 18 - 36 m range 
in the northwestern Gulf. Fish 12 0 - 180 mm, presumably adults about Age I, 
were always comparatively more abundant at 36 m, though overall abundance 
was much reduced in the period July - August (Figure 37C). Few fish 120 -1 5 0  
mm were taken at any other depth.
Prionotus rubio does not appear abundant in the northwestern Gulf.
Mean monthly abundance was generally much less than one fish per tow 
throughout the October 1977 - August 1981 period (Table 21), except in 
Decem ber 1978 when it was 1.5. Monthly abundance was 0.5 or less in all 
months with the primary exception of October and December in 1978.
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Figure 36. Catch per unit effort (CPUE = mean number of fish per 10 minute 
tow) by depth for Prionotus rubio off Freeport, Tx, each y ear and 
pooled, October 1977 - August 1981.
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Figure 37. Length frequencies by depth for Prionotus rubio: (A) December - 
March, (B) April - June, (C) July - August, and (D) Septem ber - 
November. Data in each panel were pooled over the period 
October 1977 - August 1981. Frequencies are moving averages of 
three.
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Table 21. Catch per unit effort {CPUE = mean number of individuals per 10 
minute tow) of Prionotus rubio by month from collections m ade 
between October 1977 and August 1981, and pooled by month. No 
cruise was m ade in January, August, and November in 1978, or in 
January 1979.
1977 1978 1979 1980 1981 Pooled
Jan — — — 0.1 0.1 0.1
Feb — 0.0 0.5 0.4 0.3 0.3
Mar — 0.0 0.6 0.6 0.1 0.3
Apr — 0.1 0.3 0.1 0.0 0.1
May — 0.0 0.4 0.2 0.2 0.2
Jun — 0.1 0.3 0.1 0.2 0.2
Jul — 0.0 0.1 0.0 0.0 0.0
Aug — — 0.0 0.0 0.2 0.1
Sep — 0.0 0.1 0.0 — 0.0
Oct 0.0 0.8 0.2 0.0 — 0.2
Nov 0.0 — 0.5 0.0 — 0.2
Dec 0.3 1.5 0.2 0.2 . . . . 0.5
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Age Determination and Growth
Prionotus rubio cannot be satisfactorily aged using the present length 
frequency data. Seemingly, only a  few year classes occur in the length 
frequencies (Figure 35). However, their recruitment periodicity and growth is 
not clear in the length frequencies, and groups cannot be satisfactorily identified 
and assigned cohort boundaries. Several cohorts, ones closely spaced, 
conceivably might be represented in the length frequencies for 1 December 
1978, the collection when this species is most abundant. Patterns centered on 
the winter of 1979 - 1980 seem  clearest. There seem  to be two or three 
apparent cohorts of fish in November 1979, fish about 60 mm which might 
represent late summer or fall cohorts, fish 120- 150 mm, and one fish about 200 
mm. The two cohorts of smaller fish can be followed reasonably well through 
May 1980. However, a  few fish about 60 - 70 mm appear then whose identity is 
not clear; they might represent a spring hatched cohort or reflect a  broad 
spawning period. Though much less clear, a  similar pattern occurs in the winter 
of 1980-1981. A smattering of fish about 60 mm appear in May 1981 which 
might again represent a  spring hatched cohort. Whatever its identity, fish in it 
were 45 - 90 mm in both August 1981 collections and it persisted from May 
through August.
Maximum Size
Prionotus rubio in the northwestern Gulf reach a  maximum size of about 
240 mm, but more typically 180- 195 mm. The largest of the 749 fish collected 
from October 1977 to August 1981 was 236 mm. However, 99.5% were less 
than 195 mm, 99% were less than 178 mm, and 95% were less than 154 mm 
(Figure 38). The 178 and 195 mm sizes estimate an apparent lL.
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Figure 38. Length frequency and cumulative percent of Prionotus rubio. all data 
pooled. Frequencies are moving averages of three.
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Weight. Girth, and Length Relationships
Total weight - total length, girth - total length, and standard length - total 
length regressions are presented in Table 22 with supporting statistics. Total 
weight - total length regressions for males, females, and immatures did not differ 
significantly in slope {F = 1.26; d.f.= 2, 637) or in elevation (F = 1.82; d.f.= 2,
637). However, separate equations are presented for males, females, and 
immatures, in addition to pooled equations for simplicity in stock assessm ent.
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Table 22. Weight-length, girth-length, and length-Iength regressions for 
Prionotus rubio with supporting statistics. Ail regressions were
significant at a  = .001. Measures are grams and millimeters.
Equation n
Obs. Size 
Range 100r
log TW = 3.0166 (log TL) - 5.0393 643 37-223 98.3
log TW = 3.0205 (log TL) - 5.0459 
(males and females)
483 58-223 98.1
log TW = 2.964 (log TL) - 4.9166 
(males)
242 71-167 97.4
log TW » 3.0581 (log TL) - 5.1203 
(females)
241 58-223 98.5
log TW = 2.9194 (log TL) - 5.8667 
(immatures)
135 37-223 96.3
G = 0.17 (T L )-1.46 645 37-223 95.7
TL = 5.47 (G) + 12.36 645 37-223 95.7
SL = 1.24 (TL) + 1.93 646 37-223 99.1
TL = 0.80 (SL) - 0.84 646 37-223 99.1
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Discussion
Maturation and Spawning
My findings indicate that E- rubio mature at 8 0 -1 2 0  mm. Presumably 
they mature a s  they approach Age I, since most other Prionotus spp. are  about 
100- 150 mm at Age I in the Gulf. The only other information on size at maturity 
is Lewis' (1973) report of "sexually mature" individuals at 163 mm.
The broad March or April through August spawning period that my 
evidence suggests for E- rubio agrees with the available literature. Ross (1983) 
reported a  late spring - fall spawning period, and Lewis (1973) collected ripe 
females in December, April, and July. Floyd (1980) collected juveniles during 
the fall and summer, suggesting a spawning period in the South Atlantic similar 
to that in the northwestern Gulf.
Bathymetric Distribution
Prionotus rubio is not abundant in the northwestern Gulf. I found they 
occurred from 5 - 73 m, but primarily at 18 - 36 m. The broad depth distribution I 
found agrees with findings by Hildebrand (1954), Springer and Bullis (1956), 
Lewis (1973), and McCaffrey (1981) in the Gulf, and by Floyd (1980) in the 
South Atlantic. Chittenden and Moore (1977) reported maximum depths to 110 
m in the Gulf, as  Floyd (1980) found for the South Atlantic. Boschung (1957), 
Moe and Martin (1965), Franks (1970), and Ross (1983) reported P. rubio from 
less than 12 m depths in the Gulf. The primary depth range I found they occupy 
in my northwestern Gulf study area occurs in the transition zone (Chittenden et 
al., 1982) between the white and brown shrimp communities first described by 
Hildebrand (1954) and also in the inner edge of the brown shrimp community. 
No other report for the Gulf discusses the primary habitat of this species in 
relation to existing fish communities.
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Age Determination and Growth
Prionotus rubio could not be aged using the present length frequency 
data from the northwestern Gulf. Despite my long term set of cruises closely 
linked in time, distinct cohorts were not clearly distinguishable in the length 
frequencies. Although only a few year classes seemingly appear in E. rubio. 
their recruitment periodicity and subsequent growth is not clear.
Maximum Size
The largest £• rubio collected in this study was a  236 mm fish from the 
northwestern Gulf. That is smaller than maxima of 275 mm reported by Lewis 
(1973) from the northeastern Gulf and 250 mm and 218 mm (?L) sizes reported 
by Fowler (1903) and Ginsburg (1950), respectively. The largest individual 
recorded is a 350 mm specimen collected along the South Atlantic (Floyd, 
1980).
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CHAPTER V. THE SHORTWING SEAROBIN. PRION.QIUS STEARNSI
Introduction
The shortwing searobin, Prionotus stearnsi Jordan and Swain, ranges in 
the Gulf of Mexico from the west coast of Florida to the northeast coast of Texas 
{Ginsburg, 1950) and Mexico (Springer and Bullis, 1956; Bullis and Thompson, 
1965). Along the South Atlantic, it appears from Cape Fear, N.C. to Cape 
Canaveral, Fla. (Floyd 1980). Throughout its geographic distribution, E- 
stearnsi has been recorded over a  wide depth range of 22 - 300 m (Ginsburg, 
1950). Hildebrand (1954) considered this species one of the most important 
forage fishes in the western Gulf, finding it in the stom achs of rock s e a  bass, 
Centropristis philadelphica. red snapper, Lutianus cam pechanus. sand  
seatrout, Q. arenarius. and inshore lizard fish, Svnodus foetens.
Morphometrically, P. stearnsi is distinguished from other species of 
Prionotus by its short, narrow pectoral fin and elongated mouth. These 
characters have caused  some to question the taxonomic relationship of this 
species to other triglids (Gill, 1898; Evans, 1969), but current classification 
schem es (Ginsburg, 1950; Teague, 1951) retain this species in Prionotus.
Little information is available on E. stearnsi. No studies have detailed its 
life history, though faunal notes provide information on its temporal occurrence 
and bathymetric distribution (Hildebrand, 1954; Springer and Bullis, 1956; 
Bullis and Thompson, 1965; Burns, 1970; Franks et al., 1972; Chittenden and 
Moore, 1977). Lewis and Yerger (1976) and Ross (1974, 1983) presented 
limited descriptions that address size, abundance, distribution, food habits, and 
reproduction in the northeastern and eastern Gulf, respectively.
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Details of Species-Specific Methodology
Prionotus stearnsi were collected in 54 of the 71 cruises from October 
1977 through August 1981. A total of 2,735 fish were collected and m easured 
for total length; 1,102 were randomly selected for detailed processing.
Age determination using length frequencies was very difficult in P. 
stearnsi. so considerable detail is presented in the section on Results to 
describe the rationale of age determination in this species. Justification for this 
approach is that the present set of collections were exceptionally 
comprehensive in time and space across the continental shelf and P. stearnsi 
was quite abundant in them; they represent a  set of data that may not be readily 
duplicated and it seem s worthwhile to attempt to extract hypotheses from them. 
However, calculations presented for abundant species, like hatching dates, 
duration of spawning, and growth regressions are not presented for this 
species, because the present age data are not considered reliable enough for 
those calculations.
Because growth data for E. stearnsi are not clear, descriptions of 
spawning periodicity using length frequencies assume the following size at age 
combinations predicted earlier for £ . tribulus, E. ionaispinosus. and E. 
paralatus: 31 - 37 mm at 2 months and 29 - 53 mm at 3 months. Hereafter, the 
late fall - summer spawning period is referred to as simply Winter (see results 
on Maturation and Spawning Periodicity).
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Results
Maturation and Spawning Periodicity
Prionotus stearnsi in the northwestern Gulf m ature at 80 -1 1 5  mm. No 
fem ales less than 80 mm were in the Early Developing stage and none greater 
than 113 mm were in the Maturing Virgin stage (Figure 39). Gonad 
development w as distinct as maturing females entered the Early Developing 
stage at 80 mm, and the Late Developing, Gravid, and  Spawning/Spent stages 
at 85 - 90 mm. No Ripe females were collected. Regressions of gonad weight 
on total length support these data because  extrapolated X-intercepts were 
generally 69 - 81 mm during the November - June period when spawning 
appears to occur (Figure 40; Table 23).
Little somatic growth of female £ . stearnsi seemingly occurs after they 
enter the later s tages of gonad development. Mean s izes  were 108 mm in the 
Early Developing stage, 105 mm when Late Developing, and 112 mm when 
Gravid (Figure 39). The two Spawning/Spent fish were 85 and 90 mm. 
Minimum and maximum sizes also remained constant through these  stages.
Prionotus stearnsi seemingly spawn over a  broad period, roughly 
November or Decem ber through May or June, though data  are not very clear on 
spawning periodicity. Unlike most other Prionotus spp.. no cohorts recruited 
that were clearly defined and that could be confidently followed in length 
frequencies a s  they grew (Figure 41). Fish about 60 mm were collected in all 
months of the year except January, February, and March, though their rates of 
growth and ag es are not at all clear. Fish 20 - 40 mm, and presumably 1 - 2 
months old, were collected in early Ju n e  1979, early May - early July 1980, and 
mid February through May and August in 1981. T hese small fish suggest 
spawning from about November or December through May or June.
Gonad analysis also indicates a  broad spawning period, roughly 
November or Decem ber through June or July, though, again, patterns are  not 
clear. Late Developing females were collected in all months except August 
(Figure 42). Gravid females appeared during December, January, March, and 
May through July. Though patterns are not distinct, m ean and maximum GSI
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Figure 39. Length frequencies by gonad stage for female and immature
Prionotus stearnsi. See Table 1 for gonad maturity stage criteria. 
Frequencies are moving averages of three.
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Figure 40. Regressions of gonad weight on total length for Prionotus steam s!. 
pooled within months. Equations and supporting statistics are 
provided in Table 23. Regressions for January and February were 
not significant at a  =.05. M easures are grams and millimeters.
129
Go
na
d 
W
eig
ht
 
(g
)
0.4 Dec
Oct
Nov
0.2
Sep
Jun
Jul
Aug
0.0
5 0 100 1 5 0
Total Length (mm)
Table 23. Monthly regressions of gonad weight (GW) in grams on total length 
(TL) for Prionotus stearnsi. pooling collections within months. 
Regressions were significant at a  =.05, except when noted, and are 
plotted in Figure 40. Intercepts are  presented for the primary 
spawning months.
Obs. Size 
Range n 100r2
GW
Range Equation X-int.
Jan NOT SIGNIFICANT
Feb NOT SIGNIFICANT
Mar 70-119 26 55.6 .01- .45 GW =.00868(TL) - .69343 79.9
Apr 60-107 25 61.6 .01- .40 GW =.00633(TL) - .43775 69.2
May 54-120 34 59.8 .01-.55 GW =.00626(TL) - .44084 70.4
Jun 66-124 81 33.2 .01-.59 GW=.00344(TL)-.27142 78.9
Jul 52-124 132 13.3 .01-.40 GW =.00125(TL) - .08212
Aug 71-123 41 35.1 .01-.10 GW =.00116(TL) -.08516
Sep 68-114 7 58.5 .01-.24 GW =.00454(TL) - .35246
Oct 60-119 83 42.1 .01-.79 GW =.00657(TL) - .50802
Nov 63-116 21 51.7 .01-.47 GW =.00552(TL)-.41147 74.5
Dec 73-121 34 63.8 .01-.71 GW =.00983(TL) - .79209 80.6
Figure 41. Monthly length frequencies of Prionotus stearnsi off Freeport, Tx.
Day and night cruises are labeled D and N following the collection 
date. Bars in each panel depict tentative cohort size ranges. Above 
the bar, the letter and first two digits indicate the cohort; the last digit 
is age in years. Age designation for each cohort changed in 
January. Two age designation schem es are presented: first, for 
data from 1977 - March 1981, a schem e that accepts two cohorts 
that follow from collections denoted a s  Age Designation Points; the 
second schem e accepts, in case one, only one year class for da ta  
subsequent to March 1981 and, in case  two, two year classes for 
data after May 1981. Frequencies are moving averages of three.
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Figure 42. Monthly gonad maturity stages for female and immature Prionotus 
stearnsi. See Table 1 for gonad maturity stages.
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Gonad Stage
values were high or highest from March through June in 1979, generally from 
November or December 1979 through June or July in 1980, and from 
December through May in 1981 (Figure 43). Slopes and elevations of the 
regressions of gonad weight on total length were high during the October - May 
period, though regressions were not significant in January and February (Figure 
40; Table 23).
Little spawning of E- stearnsi apparently occurs during July and August. 
Nearly all females were in the Immature, Maturing Virgin, Early Developing, or 
Resting stages during these months (Figure 42), except in 1979 and 1980 when 
a  few were in the Late Developing stage and one was Gravid. In addition, 
mean and maximum GSl values were generally low during this period (Figure 
43), a s were slopes and elevations of the regressions of gonad weight on total 
length (Figure 40; Table 23). Few or no fish 20 - 40 mm, and presumably 1 - 2 
months old, were captured after early June (Figure 41).
Female E- stearnsi appear more common than males. A ratio of 1.00 
male to 2.28 females was observed in 164 fish greater than or equal to 108 mm, 
the mean size at the Early Developing stage. This sex  ratio differed significantly 
from 1:1 (X2= 25.0; 1 d.f.; a  =.05). A ratio of 1.00 male to 1.65 females was 
observed among 642 fish greater than or equal to 80 mm, the minimum size at 
the Early Developing stage. This ratio also differed significantly from 1:1 (X2= 
38.8; 1 d.f.; a  =.05).
Bathymetric Distribution and Movements
Prionotus stearnsi appear at 22 - 100 m depths in the northwestern Gulf 
off Freeport, Tx, but primarily at 47 - 55 m. Annual mean catches were greatest 
at 47 - 55 m, then declined sharply at greater and lesser depths (Figure 44). No 
fish were collected in 1,058 tows from depths less than 22 m and only 12 fish 
were collected in 1,560 tows at 22 - 27 m. Fish were moderately abundant at 73 
- 86 m in comparison to their basic absence at 5 - 22 m.
Presumed young-of-the-year E- stearnsi recruit from 2 7 -1 0 0  m, though 
primarily at 36 - 64 m. The smallest fish, ones about 20 - 40 mm, recruited 
primarily at 47 m in the period April - June, the only period they were at all
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Figure 43. Monthly gonadosomatic (GSI) values for Prionotus stearnsi.
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Figure 44. Catch per unit effort (CPUE = mean number of fish per 10 minute 
tow) by depth for Prionotus stearnsi off Freeport, Tx, each year and 
pooled, October 1977 - August 1981.
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common {Figure 45B). Fish less than 60 mm recruited at 27 - 86 m in the period 
January - June, but they were most abundant at 36 - 55 m (Figure 45A,B). Fish 
about 60 mm were also abundant at 64 m in the period July - August {Figure 
45C). Few or no fish about 60 mm or less were captured shallower than 36 m in 
any period and their abundance also declined sharply at depths greater than 55 
- 64 m.
Prionotus stearnsi show no clear patterns of dispersion. No size 
gradients with depth, patterns which suggest movements, are apparent in any 
seasonal period (Figure 45), with one exception. The exception is that fish 90 
mm and greater were more or less uniformly distributed from 36 -100  m in the 
period January - June (Figure 45A,B), whereas fish less than 90 mm were 
largely absent in depths greater than 64 m. Observed sizes at a  tentative Age I 
are about 7 5 - 125 mm (see results on Age Determination and Growth), so this 
may suggest fish at or approaching Age I occupy much of the overall depth 
range a s  the young recruit in the inshore portion of their range. Subsequently,
P. stearnsi less than 90 mm gradually entered deeper water, because they were 
abundant at 73 - 100 m in the period July - August.
Abundance of £ . stearnsi showed a  distinct intra-annual trend from a 
summer high to a  winter low. Abundance was greatest in the period June - 
August and declined sharply in the period September - October (Table 24). Of 
the 2,735 fish taken, 88% were collected during the June - August period, with 
the 16 August 1981 collection making up 55% of the entire catch. Abundance 
reached a  low point in the period January - March when most fish were 90 mm 
and greater in size (Figure 45A). Abundance increased in the period April - 
June, a s  small fish began to recruit.
Age Determination and Growth
Age can be both accurately and convincingly assigned by length 
frequencies in few of the present collections of E. stearnsi. because patterns of 
recruitment and subsequent growth are not clear. Only in two instances is there 
at all reasonably convincing evidence for the existence of two clearly separated 
cohorts, one being the recently recruited young-of-the-year and the other being
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Figure 45. Length frequencies by depth for Prionotus stearnsi: (A) January - 
March, (B) April - June, (C) July - August, and (D) Septem ber - 
December. Data in each panel were pooled over the period 
October 1977 - August 1981. Catch per unit effort and tentative age 
designations are presented above each horizontal bar. Age 
designation changed in January. Frequencies are moving 
averages of three.
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Table 24. Catch per unit effort (CPUE = mean number of individuals per 10 
minute tow) of Prionotus stearnsi by month from collections made 
between October 1977 and August 1981, and pooled by month. No 
cruise was made in January, August, and November in 1978, or in 
January 1979.
1977 1978 1979 1980 1981 Pooled
Jan — — — 0.1 0.0 0.1
Feb — 0.0 0.0 0.1 0.1 0.0
Mar — 0.0 0.5 0.0 0.2 0.1
Apr — 0.1 0.1 0.0 0.5 0.2
May — 0.0 0.3 0.1 0.7 0.3
Jun — 1.1 1.5 0.3 0.4 0.6
Jul — 0.8 1.3 0.9 2.3 1.4
Aug — — 0.1 0.1 12.1 5.2
S e p — 0.3 0.1 0.1 — 0.1
Oct 0.0 0.0 0.7 0.8 0.6
Nov 0.0 — 0.4 0.1 — 0.2
Dec 0.1 0.0 0.4 0.3 — 0.2
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Age I and older fish (Figure 41). These instances, if real, are the collections on 
6 June in 1979 and 2 June in 1980, for which sizes at age agree between the 
two years. The cohorts identified in the collection of 6 June 1979 subsequently 
blended on 21 June 1979 and were never clearly separable again. Moreover, 
the blended cohorts show no evidence of subsequent growth, because the 
maximum size of fish in it remained constant at roughly 110 -1 2 5  mm from July 
1979 through May or 2 June 1980 when a new cohort of young-of-the-year 
recruited. The cohorts identified in the collection of 2 June 1980 might be 
distinguishable on 7 July 1980, but thereafter they blend and were never clearly 
separable again. As occurred in 1979, the blended cohort in 1980 shows no 
evidence of subsequent growth, because the maximum size of fish in it 
remained more or less constant at roughly 120 mm from July 1980 through 
early March 1981, after which its identity becomes difficult to distinguish. In 
contrast to patterns in the late spring and summer of 1979 and 1980, a  pattern 
of either one or two cohorts might reasonably be claimed to exist from April 
through August in 1981. From the perspective of two cohorts, it seem s 
reasonable that the collection on 16 August 1981 be designated to include the 
two cohorts identifiable as the two clear modal groups. Unfortunately, those two 
presumptive cohorts are not clearly separable in earlier collections and they 
may simply reflect multiple peaks in cohort recruitment as discussed for £ . 
longispinosus. From the perspective of one cohort, it seem s reasonable that the 
predominant cohort on 7 April 1981 might be interpreted as the only cohort 
thereafter, because two cohorts are not clearly separable in the early parts of 
the period and the overall range in sizes of the fish (roughly 50 -1 2 0  mm) is not 
out of line with the range in any other collection from December 1977 to August 
1981.
A reasonably consistent set of age designations can be assigned to E. 
stearnsi in the present length frequencies, though their accuracy is not clear.
For consistency, an age designation accepted for one collection, in many 
instances, requires that the sam e designation be applied to preceding and 
succeeding collections. For example, if the collection on 1 December 1979 
(Figure 41), is accepted a s  the Winter 1979 cohort, consistency requires the 
sam e designation be applied to the 15 November 1979 and 14 December 1979
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collections, a  process that leads to a long set of collections with the sam e age 
designations (22 September 1979 -1 6  April 1980).
Tentative age  designations in E- stearnsi are presented in Figure 41. 
They are based upon points made earlier in this section and they present two 
possible age schem es. The first scheme is for data from 1977 through March 
1981, a  scheme that accepts two cohorts as a  starting point for age designation. 
These cohorts are  clearly identified only on 6 June 1979 and 2 June 1980. Age 
designations in other collections follow working backwards and forwards from 
those se ts  and a few other age  designation points (14 June 1978, 6 June 1979, 
22 Septem ber 1979, 2 June 1980, and 2 February 1981) indicated on the 
length frequencies. Because the two cohorts present in June subsequently 
blend, only one cohort is designated after a few months in each case . The 
second scheme is a  two case  scheme that: (1) in case  one accepts a s  the 
starting point for age  designations only one cohort; it is applied to data  
subsequent to March 1981, and the one cohort primarily arises from the 7 April 
1981 collection and, (2) in c a se  two accepts as a  starting point in age 
designation, for da ta  after May 1981, two cohorts; these two cohorts arise from 
the 16 August 1981 collection and its extension backwards in time using sizes 
that agree with those found in May and June of previous years. If case  one of 
the second schem e is correct (i.e. the case  that accepts only 1 year class), this 
schem e is readily extended to collections prior to April 1981.
Assuming either of the age designation schem es presented is 
reasonably accurate, three important points follow from analyses of the length 
frequencies: (1) few cohorts of E. stearnsi exist in the study area, and only one 
or two normally predominate; length frequencies primarily followed one or two 
cohorts through time, ones that represented young-of-the-year and/or Age I fish 
depending on the age designation scheme, (2) P. stearnsi is not abundant in 
the study area after 1 5 -1 8  months; each cohort could generally be followed to 
no more than Age 1 when they began to disappear, and (3) observed sizes 
during the November - June period, when fish were presumably at or 
approaching Age I, were generally 7 5 - 125 mm.
140
Maximum Size. Life.Span. and..Mortality
Prionotus stearnsi in the northwestern Gulf may reach a maximum size of 
about 215 mm, but more typically 125 mm. The largest of the 2,735 fish 
collected from October 1977 to August 1981 were 216 mm and 207 mm, 
although neither individual w as available to confirm their identification. These 
were exceptionally large fish, because the next largest specimen was only 156 
mm. In all, 99.5% were less than 126 mm, 99% were less than 124 mm, and 
95% were less than 115 mm (Figure 46). The 115 and 124 mm sizes estimate 
an apparent II-
The apparent typical maximum life span of P. stearnsi in the northwestern 
Gulf seem s to be only 1 - 2 years. Assuming the age designations in either 
schem e on Figure 41 are reasonably correct, fish of 115 -1 2 5  mm would seem  
to be typically 1 - 2 years old, because Age I fish appeared to be 75 - 125 mm. 
However, the largest two fish (216 mm and 207 mm) are much larger than the 
third largest one (156 mm), which itself is not much larger than the typical 
maximum size. If my two largest fish were not wrongly identified, a  tabulation 
error, or just exceptional giants, this suggests older P. stearnsi may occur 
outside, or above, the study area, and that the typical maximum age may really 
be 2 - 3 years or more. However, wrong identification is not likely, because this 
species is quite distinct from other Prionotus spp.
Weight. Girth, and Length Relationships
Total weight - total length, girth - total length, and standard length - total 
length regressions are presented in Table 25 with supporting statistics. Total 
weight - total length regressions for males and females were not significantly 
different in slope (F = 1.76; d.f.= 1, 763), or in elevation (F = 0.33; d.f.= 1, 763). 
Total weight - total length regressions for males, females, and immatures also 
were not significantly different in slope (F = 1.78; d.f.= 2,1084), but they differed 
in elevation (F = 8.41; d.f.= 1,1084). Equations are, therefore, presented for 
males, females, and immatures, in addition to pooled regressions.
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Figure 46. Length frequency and cumulative percent of Prionotus stearnsi. all 
data pooled. Frequencies are moving averages of three.
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Table 25. Weight-length, girth-length, and length-length regressions for
Prionotus stearnsi with supporting statistics. All regressions were
significant at a  =.001. Measures are grams and millimeters.
Equation n
Obs. Size 
Range 10Or
log TW = 3.3067 (log TL) - 5.6479 
(all fish pooled)
1,087 22-145 94.2
log TW = 3.2370 (log TL) - 5.5101 
(males and females)
767 52-145 95.4
log TW = 3.1684 (log TL) - 5.3723 
(males)
266 68-145 93.0
log TW = 3.2527 (log TL) - 5.5417 
(females)
501 52-134 96.0
log TW = 3.2787 (log TL) - 5.6074 
(immatures)
320 22-104 98.9
G = 0.15 (TL)- 0.97 948 22-145 92.7
TL = 6.36 (G) + 12.41 948 22-145 92.7
TL = 1.25 (SL) + 1.23 948 22-145 98.9
SL = 0.79 (TL) - 0.27 948 22-145 98.9
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Discussion
Maturation and Spawning
My finding that female £  stearnsi mature at 80 -115  mm in the 
northwestern Gulf agrees with the limited literature. Ross (1974) found mature 
fish at 95 mm in the eastern Gulf, and Lewis and Yerger (1976) reported mature 
males and females at 76 mm in the northeastern Gulf.
The spawning periodicity of £  stearnsi is still not clear, unless they have 
a  broad, almost year-long spawning period, because the available information 
is conflicting. Though not entirely clear despite the abundance of this species, 
my data suggest a  broad November - June spawning period. That generally 
agrees with Ross (1974) who proposed a spring spawning period based on the 
capture of immature fish from March through June. However, the preceding 
interpretations conflict with Lewis and Yerger (1976) who suggested a  late 
summer to fall spawning period. They based their interpretation on the 
collection of ripe females in the October - December period, small individuals in 
October, December, and January in the northeastern Gulf, and the report of a  
ripe female collected off the Tortugas in August by Longley and Hildebrand 
(1940). Resolution of the spawning periodicity in this species requires 
comprehensive data on adult fish collected in their primary range, whatever that 
is (see discussion of Bathymetric Distribution), and/or a  reliable se t of age data 
for the young. The latter might be best based on the daily otolith increment 
method (Jones, 1986), since my extensive set of length frequencies was not 
clear.
Bathymetric Distribution
Prionotus stearnsi is a  deep water species that Lewis and Yerger (1976) 
described a s  one of the "deepest dwelling western North Atlantic triglids." Their 
distribution extends down the continental slope because maximum depths 
recorded are 238 m off Texas (Bullis and Thompson, 1965), 223 m off Louisiana 
(Springer and Bullis, 1956), 388 m in Bahamian waters (Staiger, 1970), and
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457 m off the Tortugas and Cuba (Springer and Bullis, 1956). I found they 
ranged from 22 - 100 m depths in my study area, but they were most abundant 
at 47 - 55 m. My findings agree with Hildebrand (1954) who collected this 
species at 22 - 73 m in the northwestern Gulf. The depths at which I and 
Hildebrand (1954) found this species most abundant are within the bathymetric 
range of the brown shrimp community in the study area  (Chittenden and 
McEachran, 1976). If my interpretation of age is correct, almost all fish were 
less than 1 0 -1 2  months of age. Therefore, it would appear that this species 
uses the brown shrimp community largely as a nursery in the northwestern Gulf. 
However, their abundance at the deeper depths in this community suggest that 
£ . stearnsi may be abundant deeper than 100 m, the limit of my study.
Nearly all the fish I captured were less than 125 mm, and the largest was 
156 mm with the exception of two giants at 207 and 216 mm. The great gap in 
size -- 51 mm -  between my second and third largest fish, along with the 
general absence offish greater than 125 mm suggests fish about 125 - 200 mm 
-- which I presum e are adults -- may occur outside my study area. If they really 
exist, the habitat that such presumptive adults occupy remains a  mystery, 
though it appears they do not use bottom waters of the continental shelf in the 
northwestern Gulf given the absence of adults in the literature. Presumably, the 
adults either exist along the continental slope, an area for which little literature 
exists, or up in the water column. Lewis and Yerger (1976) suggested that the 
unique body form, being more fusiform than other North American triglids, and 
piscivorous food habits of this species indicate "a more active mode of 
existence." Ross' (1974) collected this species in a midwater trawl at a  depth of 
60 m in water 142 m deep, indicating £ . stearnsi makes considerable 
excursions off the bottom and may lead a  midwater existence. Lewis and 
Yerger (1976) suggested this species may be nocturnal, resting on the bottom 
during the day and ascending into the water column to feed at night, because 
they collected most of their specimens (71%) from daytime bottom trawls. Given 
these hypotheses, it appears that further collections are needed along the 
continental slope to better understand the bathymetric distribution and life 
history o f£ . stearnsi.
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Aae Determination and Growth
Age and growth of E- stearnsi is not entirely clear, given the present 
length frequency data. Despite my long term set of cruises closely linked in 
time, cohorts were difficult to distinguish clearly in the length frequencies 
because it w as difficult to follow them during their first year of growth. Doing so  
required me to work chronologically backwards and forwards in time from the 
few clear groups to gradually assign tentative age boundaries with reasonable 
certainty. Using this procedure, I determined that £ . stearnsi are about 7 5 -1 2 5  
mm at Age I. These findings are new, because age and growth of this species 
has not been described previously. However, they are similar to findings 
presented earlier for E- paralatus and E- tribuius.
Maximum Size and Life Span
The 216 mm and 207 mm maximum sizes I found appear to be the 
largest on record forE- stearnsi. although I was unable to confirm the identities 
of these fish. However, wrong identification is not likely, because this species is 
quite distinct from other Prionotus spp. A confirmed 155 mm fish was the third 
largest individual collected in this study, and it, too, is apparently larger than any 
other records. A maximum size of 155 mm is only slightly larger than the 135 - 
147 mm maximum sizes reported in other studies (Ginsburg, 1950; Lewis and 
Yerger, 1976; McCaffrey, 1981). Maximum sizes reported by these authors are 
only slightly larger than the typical maximum sizes of 125 mm I found. Floyd 
(1980) reported a  maximum size of 140 mm in the South Atlantic. Assuming my 
age  designations are reasonably accurate, P. stearnsi appear to have a 1 - 2 
year typical maximum life span in the bottom waters of the continental shelf in 
the northwestern Gulf.
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CHAPTER VI. THE BANDTAIL SEAROBIN, PRIONOTUS OPHRYAS
Introduction
The bandtail searobin, Prionotus ophrvas Jordan and Swain, ranges in 
the Gulf of Mexico from western Florida (Springer and Bullis, 1956; Ross, 1983), 
to the northcentral Gulf (Springer and Bullis, 1956), along the Texas coast and 
south to the Yucatan Peninsula of Mexico (Hildebrand, 1954; 1955). It ranges 
from North Carolina to Florida along the South Atlantic (Floyd, 1980). 
Throughout its geographic distribution, R. ophrvas has been reported over a 
wide depth range from less than 1 m (Bohlke and Chaplin, 1968) to 174 m 
(Hildebrand, 1954, 1955; Springer and Bullis, 1956; Ogren and Brusher, 1977; 
Ross, 1983).
Despite its wide geographic and depth distribution, P. ophrvas does not 
appear to be very common in the northwestern Gulf, or elsewhere, and little 
information about this species is available in the literature. No studies have 
detailed its life history, although information on distribution, food habits, and 
reproductive biology is presented by Lewis (1973) and Ross (1974; 1983) for 
the northeastern and eastern Gulf, respectively, and by Floyd (1980) for the 
South Atlantic. Notes on its temporal occurrence and bathymetric distribution 
are presented by Hildebrand (1954; 1955), Springer and Bullis (1956), Bullis 
and Thompson (1965), Burns (1970), Franks et al. (1972), and Ogren and 
Brusher (1977).
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Details of Species-Specific Methodology
Prionotus ophryas were collected in 39 of the 71 cruises from October 
1977 through August 1981. A total of 382 fish were collected and measured for 
total length; 378 were available and used for detailed processing.
Hatching dates and growth at 6 months were calculated for the 1981 
cohort. These calculations for other cohorts, a s  well as calculations for duration 
of spawning periods, are not presented for this species because the present 
age data is not considered reliable enough to do so. Observed mean sizes at 6 
months of age were based on pooled data from the August - Septem ber period; 
and observed mean sizes at Age I were based on pooled data  from March,
April, and May. Hereafter, the winter to late spring spawning periods are 
referred to a s  Spring (see results on Maturation and Spawning Periodicity).
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Results
Maturation and Spawning Periodicity
Prionotus ophryas in the northwestern Gulf of Mexico mature at 100 -120 
mm a s  they approach Age I. No females less than 100 mm were in the Early 
Developing stage and none greater than 120 mm were in the Maturing Virgin 
stage (Figure 47). Gonad development was distinct a s  females entered the 
Early Developing, Late Developing, and Gravid s tages at 9 5 -1 0 0  mm. Age 
compositions and sizes at age presented earlier indicate tha t£ . ophrvas mature 
to first spawn as they approach Age I.
Little somatic growth occurs in female P. ophrvas after they enter the later 
stages of gonad development. Mean sizes were 128 mm in the Early 
Developing stage, 115 mm when Late Developing, and 126 mm when Gravid. 
No Ripe fish were collected; the one Spawning/Spent female was 121 mm 
(Figure 47).
Prionotus ophrvas appear to spawn, primarily at least, during the period 
January through June. Gonad analyses indicate Gravid fish were collected in 
May and early to mid June in 1979 and 1981 (Figure 48), and mean and 
maximum GSI values were highest during this period (Figure 49). These data 
suggest spawning occurs in late spring or early summer. Fish were largely in 
the Immature, Maturing Virgin, and Resting Stages in the period Septem ber- 
December, and even into January and February, findings which would support 
spring spawning. Length frequency analyses support a  winter to spring 
spawning period because: (1) fish 50 - 65 mm and probably 3 - 4 months old 
appeared in May 1979 and June 1981 (Figure 50), the latter collection reflecting 
the initial appearance of a strong, easily followed cohort, and (2) a  25 mm 
individual which was probably 1 month or a  little older when taken at 27 m in 
early February 1980, suggest some spawning in early winter if not late fall. The 
occurrence of some fall or summer spawning is suggested by the one fish 
staged a s  Spawning/Spent in October 1978, if the staging was correct.
A calculated hatching date for the 1981 cohort of £ . ophrvas in the 
northwestern Gulf is within the spawning period indicated by gonad and length
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Figure 47. Length frequencies by gonad stage for female and immature
Prionotus ophryas. See Table 1 for gonad maturity stage criteria. 
Frequencies are moving averages of three.
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Figure 48. Monthly gonad maturity stages for female and immature Prionotus 
ophrvas. See Table 1 for gonad maturity stages.
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frequency data. Based on the six collections during the January - August period 
of 1981, the calculated hatching date was 10 February (Table 26).
Female £ . ophrvas were more common than males. A ratio of 1.00 male 
to 1.68 females was observed among 67 fish greater than or equal to 100 mm, 
the minimum size in the Early Developing stage. This ratio was significantly 
different from 1:1 (X2= 4.31; 1 d.f.; a  =.05).
Bathymetric Distribution and Recruitment
Prionotus ophrvas were collected at 9 - 73 m depths in the northwestern 
Gulf off Freeport, Tx, but they were most abundant at 18 - 55 m. Annual mean 
catches were highest at 18 - 55 m (Figure 51). Catches were negligible 
shallower than 16 m, except in 1977, and deeper than 73 m. No fish were 
collected in 115 tows at 5 m, or in 253 tows at 82, 86, and 100 m depths.
Young £ . ophrvas seem to recruit to the northwestern Gulf primarily or 
initially in waters of 22 to 47 or 55 m, then disperse both inshore and offshore. 
The few young captured in the period May - June, when they generally began to 
recruit, were more or less uniform in size at 45 - 60 mm and were taken from 22 
- 55 m depths (Figure 52A). The young show a clear size gradient with depth in 
the period July - August (Figure 52B). This gradient reflects the 1981 cohort, the 
only year young were collected in July and August. The smallest young in that 
period that year occurred at 27 to 47 or 55 m, and abundance was also highest 
there. Increasingly larger young seem  to radiate out from this core, the range 
occupied extending to 13 m in shallower water and 73 m in deeper water. The 
size gradient is clearest in the shallower portion of the range, but it also occurs 
in deeper waters. I interpret this pattern to mean the young recruit primarily at 
27 - 47 m, where they are smallest, then gradually disperse to waters both 
inshore and offshore where they are larger. The sam e effect would occur if the 
young recruited initially at 27 - 47 m depths, then later began to recruit both 
inshore and offshore where they are larger. The size gradient so  apparent in 
July and August was not apparent in any other period (Figure 52).
Prionotus ophrvas was not abundant in the northwestern Gulf. Mean 
monthly abundance was generally much less than 1 fish per tow in all months
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Table 26. Summary of the iterative process used to calculate final hatching 
dates and set time scales for growth calculations for Prionotus 
ophrvas. Equations describe regressions of observed mean total 
length (TL) on age in days. Initial age values and growth equations 
were scaled to a 1 March hatching date. Final fitted regression is in 
Figure 53.
Sprina 1981 Cohort fn = 61 X-int. lOQr2
Initial growth equation Y = -.0029X2 + 1.148X - 23.42 -21.6 99.9
Final growth equation Y = -.0029X2 + 1.022X + .0004 0.0 99.9
Hatching Date = 10 February
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Figure 51. Catch per unit effort (CPUE = mean number of fish per 10 minute 
tow) by depth for Prionotus ophrvas off Freeport, Tx, each year and 
pooled, October 1977 - August 1981.
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except October 1977 and August 1981 (Table 27), and the total collection 
included only 382 fish.
Age Determination and Growth
Age determination is quite feasible in P. ophrvas using the present length 
frequencies. The 1981 cohort w as quite easily foliowed from May through 
August, and its size boundaries may be used to indicate boundaries for other 
cohorts in other years. For example, fish of the 1981 cohort ranged in size from 
6 0 -1 0 0  mm in early August 1981 and 65 -1 1 0  mm in mid August. These sizes 
are similar to the single cohorts with 70- 100 mm fish that appear in Septem ber 
of 1979 and 1980, suggesting that these single groups are the 1979 and 1980 
cohorts. The 1979 and 1980 cohorts are then each readily followed from 
Septem ber through the following May as their members approach or reach Age 
I. Similar processes can be used to identify cohort boundaries in 1977 and 
1978, though these are not as weli linked from month to month.
Few cohorts of E- ophryas appear to exist in the northwestern Gulf and 
only one or two generally predominate. These cohorts generally represent the 
young-of-the-year and a  few co-occurring Age I fish (Figure 50). The young-of- 
the-year may be followed in the length frequencies from the May - June period, 
when they initially recruited, through the following May - Ju n e  period when they 
are 110 -150  mm and 1 2 -1 6  months old (Figure 50). Thereafter, they 
disappear. The largest individual was 168 mm and apparently 16 months of 
age when collected in August 1981. Observed mean sizes of E- ophrvas were 
79 - 87 mm at 6 months and 95 - 129 mm at Age I (Table 28; Figure 50). Sizes 
at 6 months of age were very similar in August and Septem ber of 1979,1980, 
and 1981, a  key factor in being able to identify in September the 1979 and 1980 
cohorts and thus subsequently follow them. Observed mean sizes at 6 months 
are similar to the quadratic regression prediction of 89 mm for the 1981 cohort 
(Figure 53).
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Table 27. Catch per unit effort (CPUE = mean number of individuals per 10 
minute tow) of Prionotus ophrvas by month from collections made 
between October 1977 and August 1981, and pooled by month. No 
cruise was made in January, August, and November in 1978, or in 
January 1979.
1977 1978 1979 1980 1981 Pooled
Jan — — — 0.0 0.0 0.0
Feb — 0.0 0.0 0.1 0.0 0.0
Mar — 0.0 0.1 0.0 0.0 0.0
Apr — 0.0 0.1 0.0 0.0 0.0
May — 0.0 0.4 0.0 0.0 0.1
Jun — 0.1 0.1 0.0 0.1 0.1
Jul — 0.0 0.0 0.0 0.6 0.2
Aug — — 0.0 0.0 1.2 0.5
S ep — 0.0 0.1 0.1 — 0.1
Oct 3.2 0.2 0.1 0.0 — 0.2
Nov 0.0 — 0.1 0.1 — 0.1
Dec 0.3 0.2 0.0 0.1 0.1
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Figure 53. Mean observed sizes at age and sizes predicted by regression for 
Prionotus ophrvas of the 1981 cohort. The initial equation (i.e.) was 
scaled to a  1 March hatching date  and the final equation (f.e.) was 
scaled to the calculated hatching date (H.D.). Table 26 summarizes 
the iterative process used to calculate the hatching date.
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Maximum Size and Life Span
Prionotus ophrvas in the northwestern Gulf reach a  maximum size of 
about 170 mm, but more typically 155- 160 mm. The largest of the 382 fish 
collected from October 1977 to August 1981 was 168 mm; 99.5% were less 
than 161 mm, 99% were less than 155 mm, and 95% were less than 127 mm 
(Figure 54). The 161 and 155 mm sizes estimate an apparent l|_.
The apparent typical maximum life span of P. ophrvas in the 
northwestern Gulf seem s to be only 1 - 2 years. A value of tL= 1 - 2 years seem s 
reasonable, given l[_was 155-161 mm, because age composition and sizes 
presented earlier indicate observed mean sizes of fish at Age I were 9 5 -1 3 0  
mm, with the upper 99% confidence limit of observations ranging to 134 mm 
(Table 28). In addition, nearly ali P. ophrvas disappeared from the northwestern 
Gulf by 12 -1 6  months of age.
Weight. Girth, and Length Relationships
Total weight - total length, girth - total length, and standard length - total 
length regressions are presented in Table 29 with supporting statistics. Total 
weight - total length regressions for males, females, and immatures were not 
significantly different in elevation (F = 3.11; d.f.= 2, 368), but they were 
significantly different in slope (F = 6.73, d.f.= 2, 368). Similarly, males and 
fem ales were significantly different in slope (F = 4.93; d.f.= 1, 284). Separate 
equations are, therefore, presented for males, females, and immatures, in 
addition to pooled regressions.
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Table 28. Observed m ean sizes at 6 and 12 months of age for Prionotus
ophryas-
Collection n X
95% CL 
of X
99% CL 
of Obs.
6 Months
.1979 Cohort
22 Sep 79 D 4 78.5 57.5- 99.5 1.5-155.5
1980 Cohort
7 Sep 80 N 5 82.4 68.6- 96.2 31.2-133.6
22 Sep 80 D 1 82.0 — —
,190.1 Cohort
3 Aug 81 N 91 83.9 82.5- 85.4 66.0-101.9
12 Aug 81 D 49 87.3 84.4- 90.1 60.6-113.9
12 Months
1978 Cohort
12 Mar 79 N 4 95.5 80.7-110.3 65.8-125.2
5 Apr 79 N 9 97.3 89.0-105.7 61.0-133.7
14 May 79 D 15 109.1 104.5-113.8 84.0-134.3
1979 Cohort
5 Mar 80 N 1 129.0 . . . .
5 May 80 D 1 113.0 . . . . —
1980 Cohort
7 Apr 81 D 1 112.0 . . . . ___
4 May 81 N 1 112.0 — —
1 6 2
Table 29. Weight - length, girth - length, and length - length regressions for 
Prionotus ophrvas with supporting statistics. All regressions were
significant at a  = .001. Measures are grams and millimeters.
Equation
log TW = 3.2554 (log TL) - 5.5008 
(all fish pooled)
log TW = 3.1798 (log TL) - 5.3497 
(males and females)
log TW = 3.0365 (log TL) - 5.0708 
(males)
log TW = 3.2379 (log TL) - 5.4610 
(females)
log TW = 3.5066 (log TL) - 5.9816 
(immatures)
G = 0.19 (TL)-2.94
TL = 5.04 (G) + 20.91
TL= 1.30 (SL) - 2.18
SL = 0.76 (TL) - 0.76
n
Obs. Size 
Range o o s.
374 55-165 96.3
288 59-165 95.6
115 66-150 93.1
173 59-165 96.5
86 55- 99 94.7
375 55-165 93.1
375 55-165 93.1
375 55-165 98.6
375 55-165 98.6
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Figure 54. Length frequency and cumulative percent of Prionotus ophrvas. ail 
d a ta  pooled. Frequencies are moving averages of three.
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Discussion
Maturation and Spawning Periodicity
Little information has been published on reproduction of £ . ophrvas. 
However, my finding that females mature in the northwestern Gulf at 100 -120 
mm agrees with, but is slightly smaller than, the 128- 129 mm sizes at maturity 
reported by Lewis (1973) and Ross (1974). Sizes at age reported herein for£ . 
ophryas indicate females are ready to spawn at 1 0 -1 2  months of age despite 
the small differences reported in size at maturity.
I found that £ . ophrvas primarily spawn from January through June. 
Evidence for this is Gravid females in May and June and the appearance of 
small, presumably young, fish in the February - June period. Some literature 
suggests fall and summer spawning, though the evidence and words like ripe, 
and small are not specific. For example, Lewis (1973) suggested fall to summer 
spawning based  on collections of ripe fish in October and "small" specim ens in 
July. Ross (1983) reported a  spawning period from late spring to summer, and 
indicated that som e spawning might occur in the fall. Similarly, Floyd (1980) 
reported both a  late spring to summer and fall to winter spawning period along 
the South Atlantic. I found primarily Immature, Maturing Virgin, and Resting 
stages in the period Septem ber - December, but the one Spawning/Spent 
specimen in October, if staged correctly, would indicate som e fall or late 
summer spawning. The 26 mm individual I found in February 1980 may reflect 
January or Decem ber spawning, depending on its exact age.
The spawning grounds of £ . ophryas may lie outside the northwestern 
Gulf. That is suggested by my finding that they largely disappear from the 
northwestern Gulf by 12 -1 6  months of age, and by the fact that maximum sizes 
reported from the northeastern and eastern Gulf (see discussion of Maximum 
Size and Life Span) are some 50 mm larger than the maximum sizes I 
observed. However, I collected few £. ophrvas. and their primary range may 
simply be outside the northwestern Gulf. Possibly, older, larger individuals may 
have a spawning or post-spawning movement towards the northcentral Gulf, a 
pattern suggested in many other species of the northwestern Gulf (Murphy and
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Chittenden, 1991). If true, the spawning periodicity I found may not exactly 
coincide with that elsewhere.
Bathymetric Distribution and Recruitment
Prionotus ophrvas is not abundant in the northwestern Gulf. My catches 
were usually much less than one fish per tow, and the total collection included 
only 382 fish. Though widely distributed, this species does not seem  to be 
abundant anywhere in the Guif.
Prionotus ophrvas occupy a broad depth range. I found they occur from 
9 - 73 m in the northwestern Gulf, a  finding that agrees with reports that they 
range in the Gulf from about 18 or 22 m to 60 or 73 m (Hildebrand, 1954, 1955; 
Lewis, 1973; Ross, 1983). Burns (1970) and Franks et al. (1972) reported 
maximum depths of 91 m from the northcentral Gulf, an area where shelf 
communities may penetrate into deeper water (Chittenden and McEachran, 
1976). Floyd (1980) reported this species from 9 - 86 m along the South 
Atlantic, with greatest abundance at 80 - 84 m. The shallowest reported depth 
is less than 1 m in Bahamian waters (Bohlke and Chaplin, 1968).
Though E- ophrvas occupies a  broad depth range, I found them to be 
most abundant at 18 - 55 m in the northwestern Gulf off Texas. Their primary 
bathymetric range is in the transition zone (Chittenden et al., 1982) between the 
white and brown shrimp communities and in the inshore portion of the brown 
shrimp community.
Aae Determination and Growth
Age determination is quite feasible in P. ophrvas using the present length 
frequencies, even though age is often not as immediately clear as it was in 
other Prionotus spp. Only a few groups were immediately clear for E- ophrvas. 
However, from the clear groups, one can work chronologically backward and 
forward in time to assign age and cohort boundaries with reasonable certainty.
My findings that the mean sizes of P. ophrvas are 79 - 87 mm at 6 months 
and 9 5 -1 2 9  mm at Age I are new because growth of this species has not been
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described previously. These sizes, however, are generally similar to findings 
presented earlier for E- paraLatus and E- tribulus.
Maxi mum_Size_and_Uie_Span
The 168 mm maximum size I found for E- ophryas is considerably smaller 
than other reported maximum sizes. Ginsburg (1950) examined specim ens to 
185 mm (?L) and Lewis (1973) and Ross (1983) reported fish of 197 mm from 
the northeastern Gulf and 231 mm from the eastern Gulf, respectively. Along 
the South Atlantic, Floyd (1980) reported a maximum size of 220 mm.
The typical maximum life span (tO of P. ophrvas is most likely 1 - 2 years 
in the northwestern Gulf because nearly all individuals disappear from this area 
by 12 -1 6  months of age. Moreover, II was 155-161 mm, sizes only a  little 
larger than observed mean sizes of 95 - 130 mm at Age I. Fish of 168 mm, the 
maximum size I observed, would seem to be at or near Age II given the 
observed mean sizes at Age I. The relatively low abundance of E- ophrvas in 
the northwestern Gulf and the occurrence of fish only up to 168 mm in my 
collections, in contrast to 200 - 230 mm fish in the northeastern and eastern Gulf 
a s  noted above, suggest this species may live beyond 2 years in other a reas of 
the Gulf. No other information is available on the life span of E- ophrvas. 
However, theoretical total annual mortality rates (Royce 1972:238) are 90 - 
100% if the typical maximum life span is 1 - 2 years in this species.
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CHAPTER VII. THE BLUESPOTTED SEAROBIN, PRIONOTUS RQSEUS. 
AND THE LEOPARD SEAROBIN. PRIONOTUS SCITULUS
Introduction
Prionotus roseus Jordan and Evermann appears throughout the 
continental shelf of the Gulf of Mexico from western Florida (Springer and Bullis, 
1956; Ross, 1983), to the northeastern Gulf (Lewis and Yerger, 1976), 
northcentral Gulf (Christmas and Waller, 1973), northwestern Gulf (Bullis and 
Thompson, 1965), and south to the Gulf of Campeche and Yucatan, Mexico 
(Springer and Bullis, 1956; Bullis and Thompson, 1965). It occurs over a  broad 
depth distribution of 3 -180 m (Springer and Bullis, 1956; Wang and Raney, 
1971; Ross, 1983) and appears to be most abundant in the northeastern Gulf 
from Mississippi to Florida (Christmas and Waller, 1973; Lewis and Yerger, 
1976). Along the South Atlantic, E- roseus ranges from North Carolina to 
Florida (Ginsburg, 1950).
Prionotus scitulus Jordan and Gilbert is a  shallow shelf species. Two 
subspecies -- E. £. latifrons and E. £. scitulus are recognized by Ginsburg 
(1950), though Miller and Richards (1991) question whether these are in fact 
valid subspecies. Pending further resolution, I have followed Ginsburg (1950).
The subspecies in the Gulf of Mexico, P. £. latifrons ranges from the 
eastern Gulf, where it appears most abundant (Ogren and Brusher, 1977; Ross, 
1983), to the northcentral Gulf (Burns, 1970; Christmas and Waller, 1973), 
northwestern Gulf (Gunter, 1945), and the Gulf of Campeche, Mexico 
(Hildebrand, 1955; Springer and Bullis, 1956). The geminate subspecies P. £. 
scitulus occurs along the Atlantic coast from Virginia to southeastern Florida 
(Ginsburg 1950; Floyd 1980).
Life history information for E- roseus and E. scitulus is generally limited to 
the northeastern and eastern Gulf of Mexico (Lewis and Yerger, 1976; Ross, 
1977, 1983) and South Atlantic (Floyd 1980). These studies generally describe 
distribution, reproductive biology, and food habits. No studies have
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documented any life history attributes for the northwestern Gulf. Notes on 
distribution and temporal occurrence, however, are scattered throughout the 
literature (Gunter, 1945; Hildebrand, 1954, 1955; Reid, 1954; Springer and 
Bullis, 1956; Springer and Woodburn, 1960; Gunter and Hall, 1965; Wang and 
Raney, 1971; Christmas and Waller, 1973; Ogren and Brusher, 1977). This 
chapter describes the biology of these two species from the few specim ens 
available from collections in the northwestern Gulf.
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Prionotus roseus
Prionotus roseus was collected in 23 of the 71 cruises. A total of 56 fish 
were collected and measured for total length; 53 were available and used for 
detailed processing.
Maturation and Spawning Periodicity
Prionotus roseus are mature at 105 -1 1 5  mm. Fem ales in the Maturing 
Virgin stage (n = 6) were 82 -1 1 0  mm (Table 30). Sex could be readily 
distinguished by eye at about 105 mm as females entered later stages of gonad 
development. Sizes were 115, 116, and 125 mm when Early Developing, 109, 
136, and 147 mm when Late Developing, 105- 148 mm (n = 8) when Gravid, 
and 114 mm in the one Ripe fish.
Prionotus roseus appear to spawn during the late winter through spring 
months of, roughly, February or March, if not earlier, to April, if not later.
Fem ales were in the Late Developing stage in December 1977, January 1980, 
and February 1981, and Gravid and/or Ripe in early March 1980, and early 
March and April 1981 {Table 30). The occurrence of two small fish in June 
1980, 40 and 71 mm (Figure 55), indicates spawning during the February - April 
period because other Prionotus spp. in the northwestern Gulf are about this size 
at 3 - 5 months of Age.
Spawning success, or recruitment, of £ . roseus appears to fluctuate 
greatly in the northwestern Gulf. Of the six cohorts identified in the length 
frequencies, only the 1980 cohort w as at all common and persistent (Figure 55). 
The other cohorts were represented by only a  very few individuals.
My finding that £ . roseus are mature at 105 -115 mm agrees with, but is 
slightly smaller than Lewis and Yerger's (1976) finding that they mature at about 
126 mm. My finding that £ . roseus apparently spawn from February or March, if 
not earlier, to April, if not later, generally agrees with Lewis and Yerger (1976) 
and Ross (1983). Ross (1983) found that gonad development began in 
November with peak GSl values from January through April or May and 
concluded that spawning occurs from April through September. However, his
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Table 30. Collection date, total length, and gonad maturity stage for female 
Prionotus roseus. See Table 1 for gonad maturity stage criteria.
Date TL (mm) Gonad Maturity Stage
2 Dec 77 104 Maturing Virgin
147 Late Developing
15 Jun 78 115 Early Developing
18 Jan 80 136 Late Developing
6 Mar 80 118 Gravid
7 Jul 80 82 Maturing Virgin
4 Nov 80 89 Maturing Virgin
3 Dec 80 110 Maturing Virgin
105 Maturing Virgin
8 Jan 81 116 Early Developing
4 Feb 81 109 Late Developing
6 Mar 81 122 Gravid
114 Ripe
9 Apr 81 120 Gravid
114 Gravid
21 Apr 81 127 Gravid
148 Gravid
115 Gravid
105 Gravid
2 Jun 81 125 Early Developing
16 Aug 81 92 Maturing Virgin
171
Figure 55. Monthly length frequencies of Prionotus roseus off Freeport, Tx.
Day and night cruises are labeled D and N following the collection 
date. Bars in each panel depict cohort size ranges. Above the bar, 
the letter and first two digits indicate the cohort; the last digit is age 
in years. Age designation for each cohort changed in January. 
Frequencies are moving averages of three.
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patterns of peak  GSI values seem  to better suggest winter - early summer 
spawning. Lewis and Yerger (1976) reported a  protracted spawning period 
from fall through spring or summer, a period that begins som ewhat earlier than I 
observed.
Male and female P. roseus appeared equally common. Among 52 
specimens, 21 were males, 21 were females, and 10 were immature.
Bathymetric Distribution
Prionotus roseus appeared at 22 - 73 m in the northwestern Gulf, with 
most specim ens occurring at 36 m. Of the 56 individuals collected, 44 were 
taken at 36 m (Figure 56). Only three fish were collected in nearly 2,400 tows 
from depths less than 27 m, ail taken at 22 - 24 m. No fish were captured 
shallower than 22 m. The smallest fish, a 40 mm specimen in early June of 
1980, was taken at 36 m.
The overall depth range I observed fo r£ . roseus is within the broad 5 - 
180 m limits recorded for this species (Ginsburg, 1950; Springer and Bullis, 
1956; Struhsaker, 1969; Lewis and Yerger, 1976; Ross, 1983). However, my 
evidence suggests the primary range of this species in the northwestern Gulf -- 
36 to 73 m -- coincides with the bathymetric distribution of the brown shrimp 
community there  (Hildebrand, 1954; Chittenden and McEachran, 1976).
Though £. roseus appears throughout the continental shelf of the Gulf, it is 
apparently m ost abundant in the northeastern Gulf from Mississippi to Florida 
(Christmas and  Waller, 1973; Lewis and Yerger, 1976). Its occurrence in the 
northwestern Gulf may be another instance in which taxa w hose primary range 
is the northeastern Gulf occur in spotty locations in the northwestern Gulf where 
suitable habitat exists. Chittenden and McEachran (1976) suggested that 
explanation for the occurrence in the northwestern Gulf of other species more 
typical of the eastern and northeastern Gulf, like the dusky flounder, Svacium 
1, and the bank s e a  bass, Centropristis ocvurus.
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Figure 56. Length frequencies by depth for Prionotus roseus: (A) June -
August, (B) Septem ber - November, (C) December - February, and 
(D) March - May. Data in each panel were pooled over the period 
October 1977 - August 1981. Estimated age designation is 
presented above each horizontal bar.
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Maximum Size ancLWeight. Girth, and Length Relationship
Prionotus roseus ranged in size in the northwestern Gulf from 4 0 -1 6 0  
mm. The largest of the 56 individuals I observed was 160 mm, but 95% were 
less than 148 mm (Figure 57). The maximum size I observed is much smaller 
than the 210 mm specimen collected from the northeastern Gulf by Lewis 
(1973) and the 225 mm (?L) size reported by Ginsburg (1950). Floyd (1980) 
collected a  220 mm fish along the South Atlantic.
I present total weight - total length, girth - total length, and standard 
length - total length regressions with supporting statistics for P. roseus in Table 
31. This type of information has not been previously reported.
Prionotus scitulus
Prionotus scitulus was collected during 15 cruises. A total of 65 fish were 
collected and m easured for total length; 44 were available and used for detailed 
processing.
Maturation and Spawning Periodicity
Prionotus scitulus seemingly spawns from about Septem ber to April or 
May, though so few were collected in this study that the spawning period is 
difficult to determine. Of the three females available, two were staged a s  
Maturing Virgin, 72 and 87 mm fish taken in March and July in 1980, 
respectively. The other, a  130 mm fish taken in November 1978, was staged as 
Early Developing. Taken collectively, this pattern would suggest early winter 
spawning. Length frequencies indicate 40 - 60 mm fish appeared in the 
northwestern Gulf in mid November 1979, and February to April and early June 
in 1980 (Figure 58). Assuming these fish are 2 - 3 months old, spawning would 
have occurred from about September to April or May.
Spawning success, or recruitment, of P. scitulus appears to fluctuate 
greatly in the northwestern Gulf. Of the four cohorts identified in the length
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Figure 57. Length frequency and cumulative percent of Prionotus roseus. all 
data  pooled. Frequencies are moving averages of three.
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Table 31. Weight - length, girth - length, and length - length regressions for 
Prionotus roseus with supporting statistics. All regressions were
significant at a  =.001. Measures are grams and millimeters.
Equation n
Obs. Size 
Range lOOr*
log TW = 3.1401 (log TL) - 5.34 
(all fish pooled)
53 61-148 98.7
log TW = 3.2006 (log TL) - 5.46 
(males and females)
42 82-148 95.9
log TW = 3.1966 (log TL) - 5.44 
(immatures)
11 61- 91 96.2
G = 0.18 (TL)-1.85 53 61-148 96.1
TL = 5.38 (G) + 14.11 53 61-148 96.1
TL = 1.20 (SL) + 5.67 53 61-148 96.1
SL = 0.80 (TL) -1 .2 4 53 61-148 96.1
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Figure 58. Monthly length frequencies of Prionotus scitulus off Freeport, Tx.
Day and night cruises are labeled D and N following the collection 
date. Bars in each panel depict cohort size ranges. Above the bar, 
the letter and first two digits indicate the cohort; the last digit is age 
in years. Age designation for each cohort changed in January. 
Frequencies are moving averages of three.
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frequencies, only the 1979 cohort was at all common and persistent (Figure 58). 
The other cohorts were represented by only a  few individuals.
The spawning periodicity of E- £• latifrons is still not clear, unless they 
have a  broad, almost year long spawning period. My findings on spawning 
periodicity and those of several other authors conflict, and all are generally 
based on limited data. I have suggested a  broad spawning period of about 
Septem ber to April or May. Similarly, Lewis and Yerger (1976) suggested a 
late fall to spring period and Moe and Martin (1965) collected ripe fem ales from 
December to June off Tampa Bay, Florida. In contrast, however, Ross (1983) 
proposed a  spawning peak from late sum m er to fall, while noting that some 
spawning could occur into the winter.
Few mature £ . scitulus were collected. Of the 44 specimens, 3 were 
female, 2 were male, and 39 were immature.
Bathymetric Distribution
Prionotus scitulus appears at 5 - 27 m in the northwestern Gulf, but its 
primary range appears to be 16 - 27 m. No fish were captured deeper than 27 
m, though 761 tows were m ade in depths of 36 - 100 m (Figure 59). Although 
never abundant, fish were regularly taken at 16 - 2 2  m, appearing there from 
February through July and in November. Only two specim ens were taken 
shallower than 16 m in 366 tows from 5 -1 3  m, and both were taken on one 
occasion in December 1978.
My finding that P. scitulus primarily occurs at 16 - 27 m in the 
northwestern Gulf places it at the outer edge of the white shrimp community in 
the a rea  of Freeport, Tx, and in the transition zone between the white and brown 
shrimp communities (Chittenden et al., 1982). The 5 - 27 m depth range over 
which I observed P. scitulus is generally similar to, collectively, the 33 m depth 
zone reported by Hildebrand (1954) and Gunter's (1945) report that they 
occurred at 4 -1 8  m in the northwestern Gulf. This species is apparently more 
abundant in the northcentral to eastern Gulf where its primary depth range 
appears to be 2 -1 8  m (Reid, 1954: Springer and Woodburn, 1960, Gunter and 
Hall, 1965; Christmas and Waller, 1973; Wang and Raney, 1971; Ogren and
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Figure 59. Length frequencies by month by depth for Prionotus scitulus. Data 
in each panel were pooled over the period October 1977 - August 
1981. Estimated age designation is presented above each 
horizontal bar.
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Brusher, 1977; Ross 1983), though Burns (1970) and Springer and Bullis 
(1956) give maximum depths of 6 8  - 70 m for the northcentral Gulf and Florida 
Keys. Similarly, Floyd (1980) collected E- s. scitulus between 9 and 40 m along 
the South Atlantic with greatest catch per unit effort at 10 -1 4  m.
Maximum Size and Weight. Girth, and Length Relationship
Prionotus scitulus ranged in size in the northwestern Gulf from 4 0 -1 6 0  
mm in length. Only 2 fish were greater than 100 mm and 95% were less than 
91 mm (Figure 60). The maximum sizes I observed are smaller than the 194 
mm maximum size reported by Lewis (1973) from the northeastern Gulf and the 
209 mm (?L) maximum size reported by Ginsburg (1950) forE. s. latifrons. 
Prionotus s. scitulus appears to reach 360 mm along the South Atlantic (Floyd, 
1980).
I present total weight - total length, girth - total length, and standard 
length - total length regressions with supporting statistics forE- scitulus in Table 
32. This type of information has not been previously reported.
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Figure 60. Length frequency and cumulative percent of Prionotus scitulus. all 
data pooled. Frequencies are moving averages of three.
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Table 32. Weight - length, girth - length, and length - length regressions for 
Prionotus scitulus with supporting statistics. All regressions were
significant at a  =.001. Measures are grams and millimeters.
Equation n
Obs. Size 
Range 1 0 0 r
log TW = 2.7979 (log TL) - 4.7135 
(all fish pooled)
43 28-154 99.2
log TW = 2.6858 (log TL) - 4.4993 
(males and females)
5 79-154 99.8
log TW = 2.8467 (log TL) - 4.7961 
(im matures)
38 28- 91 98.6
G = 0.13( TL) + 1.22 44 28-154 96.4
TL = 7.16 (G) + 6 .6 6 44 28-154 96.4
TL = 1.23 (SL) + 1.82 44 28-154 99.7
SL = 0.81 (TL) + 1.31 44 28-154 99.7
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COMPARATIVE DISCUSSION
Introductory Comments
My findings on the population attributes of eight species of Prionotus are  
derived from detailed analyses of an extensive set of data  in time and space. 
Nearly 3,000 trawl tows were made over a  four year period across the 
continental shelf in the northwestern Gulf and all of the  fishes were identified 
and measured for length. No other published study on searobins has such an 
extensive data base.
The complete, time - frequent se t of m easurements permitted use of 
length frequency analyses to determine age, the basis for many of my life 
history analyses. I found this to be a  superior method of age determination 
because my data cam e from a long-term set of cruises so  close together in time 
that modes were generally easy to follow, and usually few cohorts occurred at a  
given time. Age designations and cohort size boundaries are quite clear for 
most collections. From the clear groups, I was usually able to work 
chronologically backwards and forwards in time and gradually assign age 
designations and cohort boundaries with reasonable certainty. This process 
worked best in £ . tribulus. £ . longispinosus. and £  paralatus. all of which were 
abundant. It was more difficult, as previously noted, in £ . rubio and £ . ophrvas. 
which were generally not abundant.
I attempted to use scales and otoliths to support length frequency age 
determinations in £ . paralatus. However, my attempts were unsuccessful using 
scales, because annual marks were frequently obscured by irregularities in 
spacing, cutting over, and breaking of circuii. Apparent annual m arks were 
observed, but these varied greatly in scales from the sam e region of the same 
fish. My attempts using otoliths were also unsuccessful, apparently because the 
initial preservation of specim ens in Formalin decalcified the otoliths.
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Patterns in Population Dynamics
Prionotus spp. exhibit a  common pattern of population dynamics in the 
northwestern Gulf that stresses small size, early maturity, short life spans, high 
mortality rates, and rapid turnover of biomass.
I found that female Prionotus spp. from the northwestern Gulf begin to 
mature at 80 mm (E- stearnsi and E. rubiol. 85 mm (E. tribulus and E- paralatus). 
100 mm (E- ophrvasl. 105 mm (E. roseus). and 120 mm (E. longispinosusl. All 
specim ens were mature a t sizes only 1 0 -4 0  mm greater than these minima.
My limited d a ta  forE. scitulus indicates it is mature at 130 mm. As noted in the 
individual species discussions, these sizes are similar to other reported sizes at 
maturity in these  species (Lewis, 1973; Ross, 1983), and the small differences 
between studies may simply reflect different definitions of "mature." My age and 
growth data, discussed later, indicates that the Gulf Prionotus spp. are 7 5 -1 4 0  
mm at Age I, mean sizes ranging from a  75 mm minimum in E. stearnsi to a  166 
mm maximum in E- longispinosus. Species -specific sizes indicate that, in each 
species, maturity is reached at or approaching Age I. These findings are  largely 
new.
I found that observed mean and predicted sizes at Age I were 9 9 -1 4 0  
mm for £ . tribulus. 99 -1 3 8  mm for E- longispinosus. 98 -122  mm for E. 
paralatus. 75 - 125 mm for E- stearnsi. and 95 -1 2 9  mm for E. ophrvas. These 
findings on sizes at age are largely new because few studies have attempted to 
age these species. My findings are similar to conclusions of Chittenden and 
McEachran (1976) for E- paralatus. the only other report on sizes at age.
I found Prionotus spp. in the northwestern Gulf are typically small with 
short life spans and high mortality rates. Most fish collected in this study were 
less than 200 mm. I found apparent typical maximum sizes were 125 mm forE* 
stearnsi. 145- 160 mm for P. longispinosus. 155- 160 mm for P. ophrvas. 155- 
175 mm forE- tribulus. 160 -165 mm for E- paralatus. and 180 -195  mm forE- 
rubio. My age and growth analyses indicate that fish were typically 1 - 3 years 
old at these sizes, and that most individuals were Age I and less. I observed 
mean apparent time-specific total annual mortality rates for Prionotus spp. in the 
northwestern Gulf of 80 - 100%. As noted in the species-specific discussions,
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little literature exists on mortality rates in these species. However, my estimates 
agree with theoretical estimates if the maximum life spans are typically only 1 - 
3 years.
Many other studies of fishes in the northwestern Gulf have also found a 
population dynamics pattern similar to those I found in Prionotus spp. These 
species include M- undulatus {White and Chittenden, 1977), arenarius 
(Shlossman and Chittenden, 1981), C. nothus (DeVries and Chittenden, 1982), 
L  fasciatus (Standard and Chittenden, 1984), E. octonemus (Dentzau and 
Chittenden, 1990), and E- burti (Murphy and Chittenden, 1991). This similarity 
over a  variety of fishes supports the suggestion of Chittenden and McEachran, 
1976) that fishes in the northwestern Gulf have evolved a  common pattern of 
population dynamics that favors r-strategy (small size, early maturity, short life 
span, high mortality rates, and rapid turnover in biomass).
Bathymetric Distrib u tio nsandCom muDitvM em berships
The eight Prionotus spp. I studied are each, in general, widely distributed 
over the continental shelf in the northwestern Gulf. Most of the past literature on 
these species has primarily focused on their broad bathymetric distribution, and 
this is summarized in the species-specific discussions. The wide bathymetric 
range of Prionotus spp.. however, hides the most important feature of their 
distributions, e.g. -- where they are most abundant and what communities they 
are members of.
Three major demersal fish communities, or faunal zones, exist on the 
continental shelf of the northwestern Gulf of Mexico. They have been described 
in relation to their fish species compositions by Hildebrand (1954), Chittenden 
and McEachran (1976), and Chittenden et a!. (1982).
The eight species of searobins collected in this study fit into the three 
categories based on their bathymetric distributions, and community 
memberships, in the northwestern Gulf: (1) members of the inshore white 
shrimp community which occurs from 5 m, the shallowest depth sampled, 
offshore to about 16 m; these include E. tribulus. which I found most abundant at 
depths less than 2 2  m; (2 ) members of the offshore brown shrimp community
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which occurs from about 36 to at least 100 m, the deepest depth sampled; 
these include E  paralatus. which I found most abundant at depths of 3 6 -1 0 0  
m, E, stearnsi. which I found primarily at depths of 47 - 55 m, and E. roseus. 
which appeared primarily at 27 - 73 m; and (3) members of a  transition fauna 
which occurs between the outer edge of the white shrimp community and the 
inshore edge portion of the brown shrimp community from about 18 - 27 m; 
these include E. longispinosus. which I found most abundant at depths of 13 - 
27 m, E. rubio. which I found most abundant at depths of 18 - 36 m, E. ophryas, 
which I found most abundant at depths of 18 - 55 m, and £ . scitulus. which I 
found mostly at depths of 16 - 27 m (Table 33).
Although several species of Prionotus often co-occurred in the sam e 
community or faunal zones and bathymetric range, only one w as generally 
abundant. Prionotus tribulus. E  paralatus. and E- longispinosus were by far 
the dominant searobins in the white shrimp community, brown shrimp 
community, and transition zone fauna, respectively. Prionotus ophryas and E. 
rubio were also collected primarily in the transition area, but they were not 
abundant. Prionotus roseus and E- scitulus were even less common in the 
study area. Their occurrence may be another instance in which taxa whose 
primary range is the northeastern Gulf occur in the northwestern Gulf in spotty 
locations where suitable habitat exists. The primary bathymetric range, and 
community membership, of E. stearnsi is still not clear. This species has been 
reported widely from the Gulf, although never in large numbers. In contrast, £ . 
stearnsi w as abundant in my study area, even though more than half of my 
specim ens were taken in one cruise (August 1981). However, my data 
suggests that E. stearnsi uses the brown shrimp community in the northwestern 
Gulf largely as a nursery. Several authors (Lewis, 1973; Ross, 1974) have 
suggested this species is distributed along the continental slope, a  region for 
which little information is available, leads a mid-water existence, or exhibits a 
combination of both habits.
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Table 33. Primary depth ranges (meters) and seasonal patterns of spawning 
periodicity for Prionotus in the northwestern Gulf of Mexico, off 
Freeport, Tx. Crosses (X) indicate the primary spawning 
period, slashes (/) when spawning may also occur.
WINTER SPRING SUMMER FALL
Primary
Range (m) Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
White Shrimp Community
E. tribulus
< 22  XX/ / / / /  /  /  /XXXXXXXXXX
Transition Zone Fauna
P. longispinosus 
13 - 27 XXXXXXXXXXXXXXX
E- ophryas
1 8 -5 5  XXXXXXXXXXXXXXXXXXXX
P. rubio
18 - 36 I I I  /XXXXXXXXXXXXXXXX
Brown Shrimp Community
P- roseus
2 7 -7 3  //XXXXXXXXX//
P. stearnsi
4 7 - 55 XXXXXXXXXXXXXXXXXXXXXX//// I I I
P. paralatus 
36 - 100 XXXXXXXXXXXXXXXXXX
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Patterns in Recruitment. Spawning Periodicity, and Movements
Associated with their different community memberships, Prionotus spp. in 
the northwestern Gulf recruit to the bottom in different areas. Prionotus tribulus. 
a  member of the white shrimp community, recruited primarily at 5 m, the 
shallowest depth sampled. E. paralatus and E. stearnsi. members of the brown 
shrimp community, recruited primarily at 36 - 55 m, the inner edge of the brown 
shrimp community. Prionotus longispinosus and E. rubio. members of the 
transition zone fauna, recruited primarily at 18 - 2 2  m, the transition zone. 
Prionotus ophryas. a  member of the transition zone fauna, recruited primarily at 
18 - 47 m, the transition zone and inner edge of the brown shrimp community.
My interpretation of spawning periodicity in Prionotus is similar to 
findings that other fishes of the northwestern Gulf spawn in discrete winter to 
spring and/or late sum m er to fall periods related to hydrographic conditions, 
including Q .  arenarius {Shlossman and Chittenden, 1981), Q. .  nothus (DeVries 
and Chittenden, 1982), L  fasciatus (Standard and Chittenden, 1984), M. 
americanus (Harding and Chittenden, 1987), E. octonemus (Dentzau and 
Chittenden, 1990), and P. burti (Murphy and Chittenden, 1991). Spawning, or 
its absence, coincides with wind-induced, up- or downcoast, alongshore coastal 
currents which drive circulation in the northwestern Gulf with seasonal 
reinforcement from the Mississippi - Atchafalya discharge (Kelly et al., 1984). 
Spawning of £ . paralatus. P. longispinosus. E- stearnsi. E. ophrvas. and E- 
roseus largely coincides with the winter - spring period of downcoast 
alongshore currents and onshore Ekman transport of surface waters.
Spawning of P .  tribulus coincides with a  late summer - fall period with the sam e 
current transport patterns. These currents probably transport pelagic eggs and 
larvae "downstream" to the northwestern Guif from spawning a reas  located 
"upstream" or towards the northcentral Gulf. During the summer months, largely 
July and August, upcoast wind stress causes alongshore currents to reverse to 
upcoast with offshore Ekman transport at the surface, a  pattern that would carry 
pelagic eggs and larvae offshore or towards the northcentral Gulf and which 
probably explains the apparent absence and/or low level of sum m er spawning
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in E. paralatus. E. tribulus. E- longispinosus. E- stearnsi. E- roseus. and E- 
ophryas
The linkage above between spawning periodicity and current transport 
system s suggests most Prionotus spp.. if not all, move from the northwestern 
Gulf to or towards the northcentral Gulf to spawn or as a  post-spawning 
behavior. Murphy and Chittenden (1991) reported a similar phenomenon in 
other Gulf fishes including £ . nothus. L  fasciatus. E- burti. S . caprinus. 
Brevoortia patronus. and M- undulatus. Such movement seem s most probable 
for E. tribulus. E- longispinosus. E- rubio. E- ophryas. E. roseus. and E- SCiMuS- 
Maximum reported sizes in these species are all larger from the northcentral 
and/or northeastern Gulf, a phenomenon (Murphy and Chittenden, 1991) that 
suggests spawning or post-spawning emigration from the northwestern Gulf to 
the northcentral Gulf. These species are all members of the well-studied white 
shrimp community (E- tribulus) or the poorly studied transition zone fauna (E- 
longispinosus. E- rubio. E. ophrvas. and E- scitulus). Such movements are not 
clear and may not be great in E- paralatus and E. stearnsi. for which maximum 
sizes have been reported from the northwestern Gulf. These latter species are 
members of the brown shrimp community (E- paralatus). or use it a s  a  nursery 
possibly linked to other deep-water communities (E- stearnsi).
Habitat and Resource Partitioning
My findings indicate Prionotus spp. in the northwestern Gulf exhibit clear 
differences that lead to resource and habitat partitioning, thereby minimizing 
their competition despite the common pattern of population dynamics they 
share. These differences include both temporal differences in spawning 
periodicity and spatial differences in geographical distribution, phenomena that 
leads to temporal and spatial segregation of the sam e life history stages.
I found Prionotus spp. in the northwestern Gulf exhibit temporally 
segregated spawning. Prionotus tribulus. one of the most abundant species, is 
the only one that spawns during the early fall period (Table 33). As a  result, its 
life history stages should show minimal overlap with all other Prionotus spp. in 
the northwestern Gulf. E  paralatus and E- longispinosus. two other abundant
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species, spawn primarily from early winter to mid spring, as the much less 
abundant £ . roseus also seem s to do. E. ophrvas and E. stearnsi appear to 
spawn over a  broader period that ends in early summer. Prionotus rubio 
appears to spawn from mid spring through late summer, so  it seem s to have 
less temporal overlap with most other species.
I found Prionotus spp. in the northwestern Gulf exhibit spatially 
segregated bathymetric distribution that reflects membership in different 
communities. Their community memberships form three groups: (1) members of 
the white shrimp community located at 5 -16 m off Freeport, Tx, e.g.-- E Iribulus, 
(2) members of the brown shrimp community located at 36 - 1 0 0  m, e.g.-- E 
paralatus. E. stearnsi and E- roseus. and (3) members of the transition zone 
fauna located primarily at 18 - 27 m, e.g. -  E. longispinosus. E  rubio. E. 
ophryas. and E scitulus. The members of the white and brown shrimp 
communities occupy quite different bathymetric ranges and probably have 
negligible contact with each other. Although some overlap and contact exists 
between adjacent faunal zones, transport mechanisms exist to maintain a  
spatial segregation of life history stages between the zones. For example, 
contact between the white shrimp community and transition zone fauna: E- 
tribulus. a  member of the white shrimp community, ranges offshore to 2 2  m in 
som e abundance, while E longispinosus. E rubio. E- ophrvas. and E scitulus. 
members of the transition zone fauna, range inshore to 13 -1 8  m depending on 
species. E tribulus. however, is the only species to recruit primarily along the 
inshore edge of the white shrimp community. From there, E. tribulus gradually 
disperses offshore to potentially encounter, when it is larger in size, other 
Prionotus spp. near the outer edge of the white shrimp community. As another 
example, contact between the the brown shrimp community and the transition 
zone fauna: E  longispinosus. the only abundant m ember of the transition zone 
fauna, recruits primarily at 18 - 22 m and disperses offshore only to 36 - 47 m in 
some abundance while E paralatus and E stearnsi. the only abundant 
members of the brown shrimp community, recruit primarily at 36 - 55 m and 36 - 
64 m, respectively; E paralatus. at least, gradually disperse offshore to deeper 
water after it recruits.
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Mechanisms of segregation in Prionotus spp. are not a s  clear within 
communities or faunas a s  they are between them, with the exception of the 
white shrimp community which contains only E- tribulus. However, only one or 
two species were abundant within the transition zone fauna and brown shrimp 
community. In the brown shrimp community only E. paralatus and E. stearnsi 
were at all abundant. Prionotus roseus. an uncommon species of the brown 
shrimp community seem s to be largely a  member of the fauna of the 
northeastern Gulf, one that some how exists in or enters the northwestern Gulf; it 
may simply be associated with patches of the calcareous bottom more typical of 
the northeastern Gulf than the northwestern Gulf. Prionotus stearnsi may or 
may not be a  member of the brown shrimp community of the northwestern Gulf; 
it uses the brown shrimp community a s  a nursery, but adult stages seem  to 
occur elsewhere, presumably in the water column or on the continental slope. 
An alternative explanation may be that E  stearnsi is largely an expatriate 
population Caribbean form whose eggs, larvae, and/or younger stages are 
transported from the Caribbean through the Yucatan Channel. A similar 
mechanism has been proposed for the spiny lobster, Panulirus argus (Menzies 
and Kerrigan, 1980), and for reef-associated fishes found in the northwestern 
Gulf (Bright and Cashman, 1974). Dentzau and Chittenden (1991) pointed out 
for E- octonemus that early life stages that exist anywhere in the western Gulf 
could enter the northwestern Gulf depending on how long they persist. In the 
transition zone fauna, only E- longispinosus was abundant. Prionotus scitulus. 
an uncommon species, may behave in a  manner similar to that noted forE . 
roseus. Because they were not abundant and because their life history traits 
were not clear in the length frequencies, the roles played by E- rubio and E  
ophrvas are not clear.
From the above, it is clear that there exists temporal and spatial 
segregation of life history stages among Prionotus spp. in the northwestern Gulf. 
Spatial segregation seem s to be generally more important than temporal 
segregation because, with the exception of E. tribulus. these species seem  to 
spawn in a  broad overlapping winter and spring period. Temporal and spatial 
partitioning of available resources presumably avoids or minimizes competition 
and follows ecological theory based on the competitive exclusion hypothesis
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(Hardin, 1960) that complete competitors cannot coexist. Other mechanisms to 
avoid or minimize competition have not been addressed by my study. However, 
Ross (1977) found that Prionotus in the eastern Gulf with high habitat overlap 
have different feeding modes based on prey size utilization. Diel differences in 
behavior might exist, and different habitats or microhabitats may also be 
utilized. My study has addressed only broad bathymetric and spatial ranges, 
not micro- or meso- habitat differences.
Zooaeoaraphic Considerations
Leggett and Carscadden (1978) noted that geographical variation in life 
history attributes occurs in many species. My findings indicate a similar pattern 
within the genus Prionotus.
Although size at maturity has not been reported for conspecific Atlantic 
coast Prionotus populations, congeneric populations of P. carolinus and E- 
evolans appear to mature at much larger sizes in the mid-Atlantic and New 
England regions than do taxa that occur in the Gulf. Marshall (1946) and Wong 
(1968) reported E- carolinus mature at 178 and 279 mm, respectively, and 
Marshall (1946) and McEachran and Davis (1970) reported E. evolans mature 
at 228 mm and 253 mm, respectively. In contrast, I found that Prionotus spp. in 
the northwestern Gulf begin to mature at 8 0 - 120 mm, depending on species. 
The above authors indicate that E- carolinus and E- evolans are typically Age II 
to III at the sizes when they mature; in contrast, I found Prionotus spp. mature as 
they approach Age I in the northwestern Gulf. Lewis and Yerger (1976) 
considered the larger sizes at maturity of E. carolinus and E- evolans to be a 
function of the size attained by a  particular species, but this phenomenon may 
also reflect environmentally induced life history patterns as seen in other 
species (Gunter, 1950). Larger sizes at maturity for more northern populations 
of a  species have been observed in Alosa sapidissima (Leggett and 
Carscadden, 1976), £ . reaalis (Shepherd and Grimes, 1984), and Salmo salar 
(Saunders and Schom, 1985).
Little information exists on sizes at age of Atlantic coast Prionotus. and no 
information is available for conspecific populations. The sizes at Age I that I
193
found -- 75 to 166 mm, depending on the species -- are generally much smaller 
than sizes reported for the Atlantic coast congeneric species of 127 - 266 mm 
forE . carolinus (M arshall, 1946; Mann, 1974) and 140 - 291 mm forE . evolans 
(Marshall, 1946; McEachran and Davis, 1970; Mann, 1974). The maximum 
sizes I found for Prionotus of the northwestern Gulf --170  to 256 mm, depending 
on the species -- are similar to those for conspecific South Atlantic populations 
reported by Floyd (1980). Moreover, the maximum sizes I found are only som e 
25 - 50 mm smaller at most, when smaller, than the maximums reported in the 
literature on Gulf Prionotus. Prionotus rubio is the only species with a  reported 
larger maximum size along the South Atlantic. The congeneric species E- 
carolinus and E. evolans from mid-Atlantic and New England regions, however, 
appear to attain much larger maximum sizes -- 454 to 581 mm (Marshall,
1946). Based on the typical maximum sizes I found, I determined Prionotus in 
the northwestern Gulf have a  maximum life span of 1 - 3 years. This is much 
shorter than the reported maximum life spans for E- carolinus and E. evolans of 
7 - 9 years.
I have argued above that Prionotus spp. from the Gulf of Mexico show 
quite different life history attributes than their congeners from the mid-Atlantic 
and New England regions. For example, Prionotus spp. from the Gulf show 
smaller maximum sizes and ages, younger sizes at maturity, smaller sizes at 
age, and higher total mortality rates than their congeners in the mid-Atlantic and 
New England regions. Similar argum ents have been m ade for several other 
Gulf taxa, including M- undulatus (White and Chittenden, 1977), the genus 
Stenotom us (Geoghegan and Chittenden, 1982), the genus Cvnoscion 
(Shlossman and Chittenden, 1981), and the genus Peprilus (Murphy and 
Chittenden, 1991).
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Appendix 1. Size data (mm TL) by cohort group for Prionotus tribulus from the 
Gulf off Freeport, Tx. Night and day cruises are indicated by N and 
D. Observed size ranges delineate spawned group boundaries 
used in growth and mortality calculations. Collection dates with 
asterisks indicate collections with fish with unclear age 
designations. These fish were usually deleted from calculations, 
though they were retained in some instances if no other size 
information was available.
Collection
Date
Obs. 
Size Range n X s2
99% CL 
of Obs
95% CL 
of X
Fall 1976 Cohort
1 OCT 77 D 104-104 1 104.0 0 .0 — —
19 FEB 78 D 142-142 1 142.0 0 .0 — —
Fall 1977 Cohort
2  DEC 77 D 6 8 - 70 2 69.0 2 .0 -21.0-159.0 56.3- 81.7
19 FEB 78 D 38- 69 4 51.5 193.7 -29.8-132.8 29.4- 73.6
21 MAR 78 D 46- 79 15 57.7 100.4 27.8- 87.5 52.1- 63.2
14 APR 78 D 53- 75 4 63.3 81.6 10.5-116.0 48.9- 77.6
8  MAY 78 D 63-109 25 83.6 156.5 48.7-118.6 78.5- 8 8 .8
14JU N 78D 86-109 6 97.5 78.7 61.7-133.3 88.2-106.8
15JU L 78D 86-108 6 98.0 74.0 63.3-132.7 89.0-107.0
15 SEP 78 D 100-105 2 102.5 12.5 -122.6-327.6 70.7-134.3
14 DEC 78 D 142-142 1 142.0 0 .0 — —
24 FEB 79 D 162-163 2 162.5 0.5 117.5-207.5 156.1-168.9
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Collection Obs. _  99% CL 95%_CL
Date Size Range n X s 2 of Obs. ofX
Fall 1978 Cohort
12 OCT 78 N* 42- 58 11 47.0 35.5 42.5- 51.5 27.6- 66.4
13 OCT 78 D 42- 64 5 53.6 65.3 16.4- 90.8 43.6- 63.6
1 DEC 78 N* 33- 87 58 60.2 234.8 19.4-101.1 56.2- 64.3
14 DEC 78 D 37- 75 53 54.8 67.9 32.8- 76.9 52.6- 57.1
24 FEB 79 D 57- 69 10 65.6 17.2 52.1- 79.1 62.6- 6 8 .6
12 MAR 79 N 72- 72 1 72.0 0 .0 — —
5 APR 79 N 34-101 45 60.0 130.9 29.1- 90.8 56.5- 63.4
20 APR 79 D 40- 91 145 61.1 102.5 34.7- 87.5 59.4- 62.8
14 MAY 79 D 44-113 380 71.5 130.0 41.9-101.0 70.3- 72.6
6  JUN 79 N* 62-117 151 84.2 119.7 55.7-112.8 82.5- 86.0
21 JUN 79 D 80-116 6 1 0 1 .2 245.0 38.1-164.3 84.7-117.6
5 JUL79 N 107-109 2 108.0 2 .0 18.0-198.0 95.3-120.7
19 JUL79 D 8 8 - 8 8 1 8 8 .0 0 .0 — —
22 AUG 79 D* 1 1 0 - 1 1 0 1 1 1 0 .0 0 .0 — - —
22 SEP 79 D 106-142 8 125.6 138.5 84.4-166.8 115.8-135.5
2  OCT 79 N 114-141 7 127.3 87.9 92.5-162.1 118.6-136.0
16 OCT 79 N 133-147 3 138.3 57.3 63.2-213.5 119.5-157.1
4 FEB 80 N* 169-169 1 169.0 0 .0 — —
6  OCT 80 N 192-192 1 192.0 0 .0 — —
3 NOV 80 N* 197-197 1 197.0 0 .0
196
Collection
Date
Obs. 
Size Range n X S2
99% CL 
of Obs.
95%_CL 
of X
15 DEC 80 D 206-206 1 206 0 .0 — —
Fall 1979 Cohort
3 NOV 79 N 51- 58 3 54.0 13.0 18.2- 89.8 45.0- 63.0
1 DEC 79 N 2 2 - 6 8 15 46.1 183.1 5.9- 86.4 38.6- 53.6
14 DEC 79 D* 25- 73 33 38.8 171.4 2.9- 74.6 34.1- 4 3 .4
3 JAN 80 N* 27- 82 94 62.3 164.0 28.7- 96.0 59.7- 65.0
16 JAN 80 D 28- 83 38 53.6 278.1 8.3- 99.0 48.1- 59.1
4 FEB 80 N* 26- 8 8 8 6 58.7 232.8 18.5- 98.9 55.5- 62.0
15 FEB 80 N* 26- 83 112 46.3 125.2 17.0- 75.6 44.2- 48.4
5 MAR 80 N 23- 96 86 61.3 251.4 19.5-103.1 57.9- 64.7
19 MAR 80 N 45-105 54 65.7 222.8 25.8-105.6 61.7- 69.8
1 APR 80 N 34-102 111 59.4 133.4 29.1- 89.7 57.2- 61.6
16 APR 80 D* 41-97 125 63.9 139.2 33.1- 94.8 61.9- 66.0
5 MAY 80 N* 42-120 166 74.3 237.3 34.2-114.5 72.0- 76.7
19 MAY 80 D* 46-125 176 75.3 184.4 39.9-110.7 73.3- 77.3
2 JUN 80 N* 49-134 442 86.3 255.5 45.0-127.7 84.9- 87.9
19 JUN 80 D* 63-131 111 89.5 142.3 58.3-120.8 87.3- 91.8
7JU L 80  N* 72-150 96 104.0 282.6 59.8-148.2 100.6-107.4
21 JU L80 D 97-107 7 100.0 16.0 85.2-114.8 96.3-103.7
5 AUG 80 N 69-159 97 99.1 335.4 50.9-147.2 95.4-102.8
7 SEP 80 N 98-165 32 118.8 285.6 72.4-165.9 112.7-124.9
197
Collection
Date
Obs. 
Size Range n X s2
99% CL 
of Obs.
22 SEP 80 D 101-108 2 104.5 24.5 -210.6-419.6
6  OCT 80 N 108-141 7 123.4 1 1 2 .2 84.1-162.7
20 OCT 80 D 132-132 1 132.0 0 .0 —
3 NOV 80 N 113-154 1 0 132.5 152.3 92.4-172.6
18 NOV 80 D 143-143 1 143.0 0 .0 —
1 DEC 80 N* 120-176 7 143.6 469.9 63.2-223.9
15 DEC 80 D* 140-176 2 158.0 648.0 -1462-1778
7 JAN 81 N* 138-183 4 167.7 407.6 49.8-289.7
21 JAN 81 D* 134-161 3 147.7 182.3 13.6-281.7
2  MAR 81 N 162-162 1 162.0 0 .0 —
7 APR 81 N 160-160 1 160.0 0 .0 —
Fall 1980 Cohort
3 NOV 80 N 34- 44 2 39.0 50.0 -411.1-489.1
18 NOV 80 D 53- 53 1 53.0 0 .0 —
1 DEC 80 N* 26- 76 60 56.3 165.9 22.0- 90.6
15 DEC 80 D* 55- 55 1 55.0 0 .0 —
7 JAN 81 N* 28- 87 83 62.5 2 1 0 .8 24.2-100.8
21 JAN 81 D* 27-90 67 59.5 299.4 13.6-105.4
2 FEB 81 N* 31-96 144 58.3 227.4 18.9- 97.7
16 FEB 81 D* 33- 94 28 62.2 252.8 18.2-106.3
2 MAR 81 N 40-103 51 60.0 324.0 11.8-108.2
95%_CL 
of X
60.0-149.0
113.6-133.2
123.7-141.3
123.5-163.6 
70.7-386.7
135.6-199.9 
114.1-181.2
-24.5-102.5 
53.0- 59.7
59.3- 65.7
55.3- 63.7 
55.8- 60.8
56.0- 68.4
55.0- 65.1
198
Collection
Date
Obs. 
Size Range n X S2
99% CL 
Of Obs.
95%_CL
OfX
16 MAR 81 N 45- 84 9 61.9 187.1 15.0-106.8 50.4- 71.4
7 APR 81 N 48- 8 6 55 60.3 62.1 39.3- 81.4 58.2- 62.5
20 APR 81 D 6 8 - 84 5 73.8 36.7 45.9-101.7 66.3- 81.3
4 MAY 81 N* 50- 98 163 78.0 81.9 54.5-101.6 76.7- 79.5
19 MAY 81 D* 62-122 125 87.4 127.0 57.9-116.9 85.4- 89.4
2 JUN 81 N* 64-138 170 90.3 196.7 53.8-126.9 88.2- 92.4
15 JUN 81 D* 62-136 108 92.6 244.2 51.6-133.6 89.6- 95.6
1 JUL81 N* 80-133 48 1 0 1 .8 146.0 69.3-134.2 98.3-105.3
20 JUL81 D 102-146 9 117.2 243.7 64.8-169.6 105.2-129.2
3 AUG 81 N* 97-163 104 124.0 199.7 86.9-161.1 121.3-126.8
16 AUG 81 N* 117-159 11 140.0 208.0 94.3-185.7 130.3-149.7
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Appendix 2. Summary of abundance data (from Appendix 1) and calculations 
for time-specific mortality estimates for Prionotus tribulus. Ratios 
marked by an asterisk were excluded from calculations because 
Nt > N0 which implies incomplete recruitment or immigration. 
Ratios marked by NC indicate no cruise was m ade so no 
numerator or denominator existed to complete the ratio. Data from 
day and night cruises were pooled each month.
Estimate:
Fall 1976 + Older 
Fall 1977
1977 1978
Components: Oct* Dec Jan Feb Mar Apr May Jun Jul Aua Sep Oct
1 /0  0 /2  NC 1/4 0/15 0/4 0/25 0/6 0/6 NC 0 /2  0/0
1978 1979
Nov Dec Jan Feb 
NC 0/1 NC 0/2
S, 1 - S, 2  calculations: S = 1 / 67 = .01493 (1 - S) x 100 = 98.5% Z = 4.2047
(1977 + 1976 + older) -1977 (67 + 1 + 0) - 67
Heincke's S = -------------------------------------- = ------------------------= .01471
1977 +1976 + older 67 + 1 + 0
(1 -S )  x 100 = 98.5%
Fall 1977 + Older
Estimate: -----------------------
Fall 1978
1978 1979
Components: Q z t Nov figg Ja n  Esb Mar Act Mav Jun Jul Aug
0/16 NC 1/111 NC 2/10 0/1 0/190 0/380 0/157 0/3 0/1
1979 1980
Sep Qct Nov Dec Jan Feb Mar Apr Mav Jun Jul
0 /8  0 /1 0  0/0 0/0 NC 0/1 0/0 0/0 0/0 0/0 0/0
Aua Sep Oct Nov Dec
0/0 0/0 0/1 0/1 0/1
S, 1 - S, 2  calculations: S = 3 / 891 = .00336 (1 - S) x 100 = 99.7% Z = 5.6937
200
(1978 + 1977 + older) -1978 (891 + 3 + 0) - 891
Heincke's S = -----------------------------------------     .00356
1978 + 1977 + older 891 + 3 + 0
(1 - S )x  100 = 99.7 
Fall 1978 + Older
Estimate:-------------------------------
Fall 1979
1979 1980
Components: Nov Dec Jan Feb Mar Apr Mav Jun Jul Aug
0/3 0/48 0/132 1/198 0/140 0/236 0/342 0/553 0/103 0/97
1980 1981
Sep Oct Nov Dec Jan Feb Mar Apr
0/34 1/8 1/11 1/9 0/7 0/0 0/1 0/1
S, 1 - S, Z calculations: S = 4 /1 9 2 3  = .00208 (1 - S) x 100 = 99.8% Z = 6.1753
(1979 + 1978 + older) -1979 (1923 + 4 + 0) -1923
Heincke's S = ---------------------------------------- = -------------------------------- = .00208
1979+ 1978 + older 1923 + 4 + 0
(1 - S ) x  100 = 99.8%
Fall 1979 + Older
Estimate:--------------------------------
Fall 1980
1980 1981
Components: Nov* Dec Jan Feb Mar Apr Mav Jun Jul Aua
11/3 9/61 7/150 0/172 1/60 1/60 0/288 0/278 0/57 0/115
S, 1 - S, Z calculations: S = 18 /1241 =.01450 (1 - S) x 100=98.5% Z = 4.2333
(1980+ 1979 + older)-1980 (1241 +18 + 0)-1241
Heincke's S = ----------------------------------------= -------------------------------=.01430
1980+ 1979 + older 1241+18 + 0
(1 - S ) x  100 = 98.6%
201
Heincke's Pooled S =
Heincke's numerator pooled
Heincke's denominator pooled 
26
 =.00626 {1 - S) x 100 =
4148
1 + 3  + 4 +  18 
68 + 894 + 1 9 2 7  + 1259
99.4%
2 0 2
Appendix 3. Size data (mm TL) by cohort for Prionotus longispinosus from the 
Gulf off Freeport, Texas. Night and day cruises are  indicated by N 
and D. Observed size ranges delineate spaw ned group 
boundaries u sed  in growth and mortality calculations. Collection 
dates with asterisks indicate collections with fish either deleted 
from calculations or with unclear age designations. These fish 
were usually deleted from calculations, though they were retained 
in some instances if no other size information w as available.
Collection
Date
Obs. 
Size Range n X s2
95% CL 
of X
99% CL 
of Obs.
Winter 1977 Cohort
1 OCT 77 D 80-135 109 108.8 110.7 106.8-110.8 82.1-136.4
2 DEC 77 D* 110-141 12 125.4 153.4 117.6-133.3 87.0-163.9
19 FEB 78 D 134-134 1 134.0 0.0 — —
Winter 1978 Cohort
14JUN 78 D* 53- 89 40 75.5 57.5 73.1- 78.0 55.0- 96.1
15 SEP 78 D 112-126 2 119.0 98.0 30.1-207.9 -511.2-749.2
12 OCT 78 N 100-156 152 121.7 104.0 120.4-123.3 95.1-148.3
13 OCT 78 D 103-152 13 119.6 149.1 112.2-127.0 82.3-156.9
1 DEC 78 D* 111-169 38 138.8 133.5 135.0-142.3 107.4-170.1
14 DEC 78 N 121-158 10 137.9 119.9 130.1-145.7 102.3-173.5
12 MAR 79 N 139-157 7 149.9 34.1 144.5-155.3 128.2-171.5
5 APR 79 N 147-170 9 155.0 48.5 149.7-160.4 131.6-178.4
14 MAY 79 D* 150-172 17 159.5 43.8 156.1-162.9 140.1-178.8
6 JUN 79 N* 144-178 6 158.7 145.1 146.0-171.3 110.1-207.2
21 JUN 79 D* 154-187 5 167.0 178.5 150.4-183.6 105.5-228.5
203
Collection
Date
Obs. 
Size Range n X S2
95% CL 
Of X
99% CL 
of Obs.
5 JUL 79 N* 162-162 1 162.0 0.0 —
14 MAY 79 D* 20- 60 402 37.5 40.3 36.9- 38.2 21.1- 54.0
6 JUN 79 N* 16- 73 2590 45.0 80.6 44.7- 45.4 21.9- 68.1
21 JUN 79 D* 37- 87 168 63.3 86.5 61.9- 64.7 39.0- 87.5
5 JU L 79 N* 29- 91 278 62.3 236.5 60.5- 64.1 22.4-102.2
1 9 JUL 79 D 49- 88 282 67.8 53.2 66.9- 68.2 48.9- 86.7
22 AUG 79 D 96-102 3 98.7 9.3 91.1-106.3 68.3-129.0
22 SEP 79 D* 75-140 583 99.9 125.5 99.0-100.8 70.9-128.9
2 OCT 79 D 81-154 838 107.7 125.1 106.9-108.4 78.8-136.6
16 OCT 79 D* 81-151 402 115.2 143.8 114.1-116.4 84.2-146.3
3 NOV 79 N 96-160 247 121.3 124.4 119.9-122.7 92.4-150.3
15 NOV 79 D* 95-145 163 120.2 95.3 118.7-121.7 94.8-145.7
1 DEC 79 N 116-163 12 134.4 145.0 126.8-142.1 97.0-171.8
3 JAN 80 N 111-171 27 139.3 122.1 134.9-143.7 108.6-170.0
16 JAN 80 D 127-166 11 142.2 123.6 134.7-149.7 106.9-177.4
4 FEB 80 N 119-178 10 145.6 301.2 133.2-158.0 89.2-202.0
15 FEB 80 D 137-185 6 158.8 293.8 140.9-176.8 89.7-227.9
5 MAR 80 N 156-191 3 174.3 308.3 130.7-217.9 0.1-348.6
16 APR 80 D 158-158 1 158.0 0.0 — —
19 MAY 80 D 188-188 1 188.0 0.0
204
Collection
Date
Obs. 
Size Range n X s2
95% CL 
of X
99% CL 
of Obs.
Winter 1980 Cohort
1 APR 80 N* 20- 55 60 32.2 79.8 29.9- 34.5 8.4- 56.0
16 APR 80 D 25- 63 48 36.3 70.4 32.9- 38.8 13.8- 58.9
5 MAY 80 N 13- 61 651 40.6 88.1 39.9- 41.3 16.4- 64.9
19 MAY 80 D* 25- 75 132 48.2 106.9 46.4- 50.0 21.2- 75.2
2 JUN 80 N* 23-109 2107 62.2 167.6 61.8- 62.9 29.5- 94.9
19 JUN 80 D* 41-115 557 75.5 212.2 74.3- 76.7 37.9-113.1
7 JU L 80 N 41-123 2218 86.2 187.1 85.6- 86.8 50.9-121.5
21 JUL 80 N* 51-128 147 96.9 154.0 94.9- 98.9 64.5-129.3
5 AUG 80 N* 57-120 3823 88.8 74.7 88.5- 89.0 66.5-111.0
26 AUG 80 N 91-107 4 101.5 51.7 90.1-112.9 59.5-143.5
7 SEP 80 N* 80-139 147 109.6 109.5 107.9-111.3 82.2-136.9
22 SEP 80 D 93-138 24 110.5 162.0 105.1-115.9 74.8-146.2
6 OCT 80 N* 89-149 97 121.1 142.6 118.7-123.5 89.7-153.5
20 OCT 80 D 16-139 5 125.2 78.7 114.2-136.2 84.4-166.0
3 NOV 80 N* 106-158 48 136.7 94.6 133.9-139.5 110.6-162.8
18 NOV 80 D* 118-118 1 118.0 0.0 — —
1 DEC 80 N* 134-158 20 144.5 39.6 141.6-147.5 126.5-162.5
15 DEC 80 D 132-155 3 146.7 162.3 115.0-178.3 20.2-273.1
7 JAN 81 N 141-174 4 154.3 219.6 130.7-177.8 67.7-240.8
21 JAN 81 D 152-152 1 152.0 0.0
205
Collection
Date
Obs. 
Size Range n X s 2
95%_CL
OfX
2 FEB 81 N 145-165 3 156.0 103.0 130.8-181.2
16 FEB 81 D 164-168 2 166.0 8.0 140.6-191.4
2 MAR 81 N* 148-168 6 157.5 47.9 151.2-163.2
7 APR 81 N 158-186 3 170.3 204.3 134.8-205.E
4 MAY 81 N 165-165 1 165.0 0.0 —
19 MAY 81 D 163-163 1 163.0 0.0 —
2 JUN 81 N* 151-173 4 160.8 96.3 145.1-176.4
15 JUN 81 D 153-164 2 158.5 60.5 88.6-228.4
1 JUL 81 N* 173-173 1 173.0 0.0 —
20 JUL 81 D* 209-209 1 209.0 0.0 —
3 AUG 81 N* 231-231 1 231.0 0.0 —
16 AUG 81 N* 212-256 3 228.7 569.3 169.4-287.S
VVmterl 98_1 Cohort
2 MAR 81 N* 27- 42 3 36.7 70.3 15.8- 57.5
7 APR 81 N 24- 43 16 29.9 22.3 27.4- 32.5
20 APR 81 N 40- 44 2 42.0 8.0 16.6- 67.4
4 MAY 81 N 27- 78 36 51.2 213.3 46.3- 56.1
19 MAY 81 D 30- 81 128 52.4 142.6 50.3- 54.5
2 JUN 81 N* 38-100 428 64.6 127.5 63.2- 66.0
15 JUN 81 D* 52-103 175 73.0 127.3 70.8- 75.3
1 JUL 81 N* 44-110 356 84.0 88.4 83.0- 85.0
99% CL 
of Obs.
55.3-256.7
-14.0-346.0
129.6-185.4
28.5-312.2
103.5-218.0
-336.6-653.6
-8.1-465.5
-46.6-119.9 
15.6- 44.1 
-138.0-222.0
11.4- 91.0 
21.1- 83.6
35.4- 93.8
43.7-102.4
59.7-108.4
206
Collection Obs.
Date Size Range
20 JUL 81 D* 67-133
3 AUG 81 N* 57-147
16 AUG 81 N* 70-146
n X s2
210 97.8 137.0
504 101.8 141.2
189 110.4 175.3
95%_CL 99% CL
of X of Obs.
96.2- 99.4 67.4-128.2
100.8-102.9 71.1-132.5
108.5-112.3 76.0-144.9
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Appendix 4. Summary of abundance data (from Appendix 3) and calculations 
for time-specific mortality estimates for Erionotus lonmspinosus. 
Ratios marked by an asterisk were excluded from calculations 
because Nt > N0 which implies incomplete recruitment or 
immigration. Ratios marked by NC indicate no cruise was made. 
Data from day and night cruises were pooled each month.
Winter 1977 + Older
Estimate: ---------------------------
Winter 1978
1978 1979
Components: Jun  Aua Sep Oct Nov Dec Jan Feb Mar Apr Mav
0/40 0/0 NC 0/2 0/165 NC 0/48 NC 0/0 0/7 0/9 0/17
1979 
Jun Jul 
0/11 0/1
S, 1 - S, Z calculations: S = 0 / 300 = 0 (1 - S) x 100 = 100% Z = infinity
Winter 1978 + Older
Estimate: ---------------------------
Winter 1979
1979 1980
Components: Mav Jun Jul Aug Sep Oct Nov Dec Jan
17/402 11/2758 1/560 0/3 0/583 0/1240 0/410 0/12 0/38
1980
£ sb  Mgr Agr Mav 
0/16 0/3 0/1 0/1
S, 1 - S, Z calculations: S = 29 /  6027 = .00481 (1 -S) x 100 = 99.5% Z = 5.3367
(1979 + 1978 + older) -1979 (6027 + 29 + 0) - 6027
Heincke's S = --------------------------------------  = ------------------------------- =.00489
1979 +1978 + older 6027 + 29 + 0
(1 - S ) x  100 = 99.5
208
Winter 1979 + Older
Estimate: ---------------------------
Winter 1980
1980
Components: Apr May Jun iM  Aup Sep Oct Nov Dec
1/108 1/783 0/2664 0/2365 0/3827 0/171 0/102 0/49 0/23
1981
Jan Feb Mar Agr May Jun Jul Aug
0/5 0/5 0/6 0/3 0/2 0/4 0/2 0/4
S, 1 - S, 2  calculations: S = 2 /10123 = .00020 (1-S) x 100 = 99.9% Z = 8.5294
(1980 + 1979 + older) -1980 (10123 + 2 + 0) -10132
Heincke’s S = ----------------------------------------------------------   =.00020
1980+ 1979 + older 10123 + 2 + 0
(1 -S ) x 100 = 99.9%
Winter 1980 + Older
Estimate: ---------------------------
Winter 1981
1981
Components: Mar* Apr Mav Jun Jul Aug
6/3 3/18 2/164 4/603 2/566 4/693
S, 1 - S, Z calculations:S = 15 / 2044 =.00734 (1 - S) x 100 = 99.3% Z = 4.9146
(1980 + 1979 + older) -1980 (2044 + 1 5  + 0)- 2044
Heincke's S = ----------------------------------------   =.00729
1980+ 1979 + older 2044 + 15 + 0
(1 - S ) x  100 = 99.3%
Heincke's numerator pooled
Heincke's pooled S = -------------------------------------------
Heincke’s  denominator pooled
0 + 29 + 2 + 15 46
 ------------------------------------------     =.00248
300 + 6056 + 10125 + 2059 18540
(1 - S ) x  100% = 99.7%
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Appendix 5. Size data  (mm TL) by cohort for Prionotus paralatus from the Gulf 
off Freeport, Tx. Night and day cruises are indicated by N and D 
following the collection date. Observed size ranges delineate 
spawned group boundaries used in growth and mortality 
calculations. Collection dates with asterisks indicate collections 
with fish with unclear age designations. These fish were usually 
deleted from calculations, though they were retained in som e 
instances if no other size information was available.
Collection
Date
Obs. 
Size Range n X s2
95% CL 
of X
99% CL 
of Obs.
Winter 1976 Cohort
2 DEC 77 D 143-143 1 143.0 0.0 — —
14 APR 78 D* 180-180 1 180.0 0.0 — —
Winter 1977 Cohort
2 DEC 77 D 89-115 20 104.0 44.4 100.9-107.1 84.9-123.1
19 FEB 78 D 107-114 4 111.7 10.3 106.7-116.8 93.0-130.5
21 MAR 78 D 111-132 2 121.5 220.5 -11.9-254.9 -823-1066.8
14 APR 78 D* 121-163 12 138.9 180.6 130.4-147.5 97.2-180.7
8 MAY 78 D 140-144 2 142.0 8.0 116.6-167.4 -38.0-322.0
1 DEC 78 N 138-159 8 147.6 48.8 141.8-153.5 123.2-172.1
14 DEC 78 D* 135-154 9 145.4 39.8 140.6-150.3 124.3-166.6
12 MAR 79 N 132-157 9 143.9 87.1 136.7-151.1 112.6-175.2
5 APR 79 N 149-149 1 149.0 0.0 — —
14 DEC 79 D* 170-184 2 177.0 98.0 88.1-265.9 -453.2-807.2
16 JAN 80 D* 177-177 1 177.0 0.0 — —
5 MAR 80 N* 173-173 1 173.0 0.0 — • . . . .
2 1 0
Collection
Date
Obs. 
Size Range n X s2
95% CL 
of X
99% CL 
of Obs.
1 APR 80 N* 175-175 1 175.0 0.0 — —
Winter 1978 Cohort
8 MAY 78 D 67- 81 2 74.0 98.0 -14.9-162.9 -556.2-704.2
14 JUN 78 D 55- 90 33 76.7 73.1 73.7- 79.8 53.3-100.1
15 JUL 78 D 86- 91 3 88.3 6.3 82.1- 94.6 63.4-113.3
15 SEP 78 D 88- 98 3 94.3 30.3 80.7-108.0 39.7-149.0
12 OCT 78 N 76-101 10 91.3 62.2 85.7- 96.9 65.7-116.9
13 OCT 78 D 82-101 5 92.2 57.7 82.8-101.6 57.2-127.2
1 DEC 78 N 80-110 100 98.1 49.6 96.7- 99.5 79.7-116.6
14 DEC 78 D* 85-119 34 100.9 59.1 98.3-103.6 79.9-122.0
24 FEB 79 D 104-106 2 105.0 2.0 92.3-117.7 15.0-195.0
12 MAR 79 N 91-126 161 110.5 53.3 109.4-111.7 91.5-129.6
5 APR 79 N 103-130 68 117.3 38.1 115.8-118.8 100.9-133.6
20 APR 79 D 111-133 5 122.6 76.3 111.7-133.5 82.4-162.8
14 MAY 79 D* 103-146 256 127.3 87.6 126.1-128.4 103.0-151.6
6 JUN 79 N 108-160 148 134.6 92.6 133.1-136.2 109.5-159.8
21 JUN 79 D 114-148 22 131.5 79.9 127.5-135.5 106.2-156.8
5 JUL 79 N 120-160 18 141.2 131.2 135.5-146.9 108.0-174.4
19 JUL 79 D 135-143 2 139.0 32.0 88.2-189.8 -221.1-499.1
22 AUG 79 D 121-157 22 137.5 102.3 133.1-142.0 108.9-166.2
22 SEP 79 D 127-147 10 135.0 42.9 130.3-139.7 113.7-156.3
2 1 1
Collection
Date
Obs. 
Size Range n X s 2
95% CL 
of X
99% CL 
of Obs.
2 OCT 79 N 128-161 22 142.1 69.9 138.4-145.8 118.5-165.8
16 OCT 79 D* 135-149 6 140.0 30.8 134.2-145.8 117.6-162.4
3 NOV 79 N 132-154 17 142.5 42.6 139.2-145.9 123.5-161.6
15 NOV 79 D 138-158 9 148.2 54.4 142.5-153.9 123.5-173.0
1 DEC 79 N 130-154 15 142.0 39.6 138.5-145.5 123.3-160.7
14 DEC 79 D* 127-163 38 144.2 88.0 141.2-147.3 118.8-169.7
3 JAN 80 N* 126-166 61 145.0 90.8 142.5-147.4 119.6-170.3
16 JAN 80 D* 136-158 11 146.7 81.6 140.7-152.8 118.1-175.4
4 FEB 80 N* 137-162 21 145.4 63.9 141.7-149.0 122.6-168.1
15 FEB 80 D 133-165 18 147.3 90.9 142.5-152.0 119.6-174.9
5 MAR 80 N* 136-158 28 146.3 35.9 144.0-148.7 129.7-162.9
Winter 1979 Cohort
14 MAY 79 D* 61- 78 5 71.2 53.7 62.1- 80.3 37.5-104.9
6 JUN 79 N 42- 93 60 72.2 87.1 69.8- 74.6 47.4- 97.1
21 JUN 79 D 71- 86 7 77.3 30.9 72.1- 82.4 56.7- 97.9
5 JUL 79 N 49- 93 64 76.6 65.5 74.6- 78.7 54.9- 98.3
19 JUL 79 D 97-100 2 98.5 4.5 79.4-117.6 -36.5-233.5
22 SEP 79 D 87-115 3 103.7 217.3 67.0-140.3 -42.7-250.0
2 OCT 79 N 86-108 7 97.1 42.8 91.1-103.2 72.9-121.4
16 OCT 79 D* 107-109 2 108.0 2.0 95.3-120.7 18.0-198.0
3 NOV 79 N 81-115 19 97.4 122.0 92.0-102.7 65.6-129.2
2 1 2
Collection
Date
Obs. 
Size Range n X s 2
95% CL 
of X
99% CL 
Of Obs.
15 NOV 79 D 94-123 7 107.4 110.6 97.7-117.2 68.4-146.4
1 DEC 79 N 87-116 6 103.2 131.8 91.1-115.2 56.9-149.5
14 DEC 79 D* 87-117 9 104.8 127.9 96.1-113.5 66.8-142.7
3 JAN 80 N* 96-116 15 105.9 32.7 102.7-109.0 88.9-122.9
16 JAN 80 D* 111-120 4 113.7 17.6 107.1-120.4 89.3-138.2
4 FEB 80 N* 88-120 17 111.5 79.9 106.9-116.1 85.4-137.6
15 FEB 80 D 118-121 3 119.3 2.3 115.5-123.1 104.2-134.5
5 MAR 80 N* 105-135 13 124.2 73.2 119.1-129.4 98.1-150.4
16 APR 80 D 125-146 2 135.5 220.5 2.1-268.9 -809.8-1080.8
5 MAY 80 N* 129-147 9 138.1 34.1 133.6-142.6 118.5-157.7
2 JUN 80 N 125-171 21 146.4 170.8 140.5-152.4 109.3-183.6
19 JUN 80 D 132-152 12 142.4 40.8 138.4-146.5 122.6-162.3
7 JU L 8 0 D 135-149 8 141.7 24.8 137.6-145.9 124.3-159.2
6 OCT 80 N* 145-161 9 150.4 39.3 145.6-155.3 129.4-171.5
20 OCT 80 D 146-146 1 146.0 0.0 — —
3 NOV 80 N* 140-162 22 149.8 36.4 147.1-152.5 132.7-166.9
18 NOV 80 D* 146-158 3 150.3 44.3 133.8-166.9 84.3-216.4
1 DEC 80 N* 133-163 30 147.5 64.3 144.5-150.5 125.4-169.6
15 DEC 80 D* 140-152 7 147.1 12.8 143.8-150.5 133.9-160.4
7 JAN 81 N 139-168 21 150.8 61.2 147.3-154.4 128.6-173.1
21 JAN 81 D 136-160 15 147.3 47.5 143.5-151.1 126.7-167.8
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Collection
Date
Obs. 
Size Range n X s 2
95%_CL 
of X
99% CL 
of Obs.
2 FEB 81 N 134-170 38 146.8 79.2 143.9-149.7 122.6-170.9
16 FEB 81 D* 136-167 25 149.5 82.2 145.8-153.3 124.2-174.9
2 MAR 81 N* 139-167 18 150.4 86.1 145.8-155.0 123.5-177.3
16 MAR 81 D 154-157 2 155.5 4.5 136.4-174.6 20.5-290.5
7 APR 81 N* 161-162 3 161.3 0.3 159.6-162.8 155.6-167.1
20 JUL 81 D 189-198 3 193.0 21.0 181.6-204.4 147.5-238.5
Winter 1980 Cohort
1 APR 80 N* 49- 60 3 55.7 34.3 41.1- 70.2 -2.5-113.8
5 MAY 80 N* 30-106 36 71.1 350.9 64.7- 77.4 20.1-122.1
19 MAY 80 D 64- 64 1 64.0 0.0 — —
2 JUN 80 N 34-108 143 77.1 215.3 74.6- 79.5 38.8-115.4
19 JUN 80 D 53-106 31 80.6 135.0 76.3- 84.8 48.6-112.5
7 JUL 80 N 62-126 250 88.4 150.5 86.9- 89.9 56.5-120.2
21 JUL 80 D 92- 92 1 92.0 0.0 — —
5 AUG 80 N 60-121 27 89.4 310.6 82.5- 96.4 40.5-138.4
7 SEP 80 N 80-102 16 90.4 38.4 87.1- 93.7 72.2-108.7
22 SEP 80 D 113-113 1 113.0 0.0 — —
6 OCT 80 N* 78-118 82 99.3 89.4 97.2-101.4 74.4-124.2
20 OCT 80 D 90- 96 2 93.0 18.0 54.9-131.1 -177.1-363.1
3 NOV 80 N* 71-122 123 102.1 115.2 100.2-104.1 74.1-130.2
18 NOV 80 D* 94-115 6 103.7 69.1 94.9-112.4 70.2-137.2
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Date
Obs. 
Size Range n X S2
95% CL 
of X
99% CL 
of Obs.
1 DEC 80 N* 72-128 107 105.0 183.0 102.4-107.6 69.5-140.5
15 DEC 80 D* 84-131 37 108.9 143.3 104.9-112.9 76.3-141.5
7 JAN 81 N 90-133 87 110.4 108.4 108.2-112.6 83.0-137.8
21 JAN 81 D 82-130 57 112.3 105.2 109.6-115.0 84.9-139.6
2 FEB 81 N 92-128 95 113.1 69.9 111.4-114.8 91.1-135.1
16 FEB 81 D* 108-131 37 118.7 37.7 116.6-120.7 102.0-135.4
2 MAR 81 N* 96-136 49 121.6 62.1 119.3-123.8 100.4-142.7
16 MAR 81 D 88-142 42 120.1 179.9 115.9-124.3 83.8-156.3
7 APR 81 N* 104-156 82 130.3 120.5 127.9-132.7 101.4-159.3
20 APR 81 D 114-157 17 133.2 189.8 126.1-140.3 93.0-173.5
4 MAY 81 N* 107-161 83 133.2 153.4 130.5-135.9 100.5-165.9
19 MAY 81 D* 111-160 37 138.7 168.7 134.3-143.0 103.4-174.0
2 JUN 81 N 119-156 18 133.8 100.5 128.8-138.8 104.7-162.8
1 JUL 81 N* 130-157 20 143.4 64.0 139.6-147.1 120.5-166.2
20 JUL 81 D* 121-167 268 140.5 86.2 139.4-141.7 116.4-164.6
3 AUG 81 N 126-167 136 142.6 83.1 141.1-144.2 118.8-166.5
16 AUG 81 D 124-166 464 140.2 91.2 139.3-141.1 115.5-164.9
Winter 1981 Cohort
7 APR 81 N* 41-73 18 56.1 60.3 52.2- 59.9 33.5- 78.6
20 APR 81 D 72- 72 1 72.0 0.0 — —
4 MAY 81 N* 20- 88 83 64.9 238.8 61.6- 68.3 24.2-105.7
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Collection
Date
Obs. 
Size Range n X s2
95% CL 
of X
99% CL 
of Obs.
19 MAY 81 D'' 45-100 17 75.9 249.7 67.8- 84.1 29.8-122.1
2 JUN 81 N 41-106 88 86.8 132.2 84.4- 89.3 56.6-117.1
15 JUN 81 D 63- 63 1 63.0 0.0 — —
1 JUL 81 N* 66-115 44 87.9 129.8 84.4- 89.3 57.1-118.6
20 JUL 81 D* 60-118 234 96.9 149.9 95.4- 98.5 65.1-128.7
3 AUG 81 N 61-125 244 100.4 147.7 98.9-101.9 68.8-131.9
16 AUG 81 D 76-123 579 105.1 95.2 104.3-105.9 79.9-130.3
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Appendix 6. Summary of abundance data (from Appendix 5) and calculations 
for time-specific mortality estimates for Rrionatus paralalus. Ratios 
marked by an asterisk were excluded from calculations because 
Nt > N0 which implies incomplete recruitment or immigration. 
Ratios marked by NC indicate no cruise was m ade so no 
denominator or numerator existed to complete the ratio. Data from 
day and night cruises were pooled each month.
Winter 1976 + Older
Estimate: ---------------------------
Winter 1977
1977 1978
Components: Dpp Jan  Feb Mar Apr Mav Jun Jul Aua Sep Oct Nov
1/20 NC 0/4 0/2 1/12 0/2 0/0 0/0 NC 0/0 0/0 NC
1978 1979
Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
0/17 NC 0/0 0/9 0/1 0/0 0/0 0/0 0/0 0/0 0/0 0/0
1979 1980 
Dec Jan Feb Mar Apr 
0/2 0/1 0/0 0/1 0/1
S, 1 - S, Z calculations: S = 2 / 72 = .02778 (1 - S) x 100 = 97.2% Z = 3.5835
(1977 +1976 + older) - 1977 (72 + 2 + 0) - 72
Heincke's S  ----------------------------------------= --------------------------  .02703
1977+ 1976 + older 72 + 2 + 0
(1 - S) x 100 = 97.3%
Winter 1977 + Older
Estimate:-----------------------------------
Winter 1978
1978 1979
Components: Mav* Jun Jul Aua Sep Oct Nov Dec Jan Feb Mar
2/2 0/33 0/3 NC 0/3 0/15 NC 17/134 NC 0/2 9/161
1979 1980
Apr Mav Jun Jul Aup Sep Oct Nov Dec Jan Feb 
1/73 0/256 0/170 0/20 0/22 0/10 0/28 0/26 2/53 1/72 0/39
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1980 
Mar Apr*
1/28 1/0
S, 1 - S, Z calculations: S = 31 / 1148 = .02700 (1 - S) x 100 = 97.3% Z = 3.6118
(1978+ 1977 + older)-1978 (1148 + 31 + 0) -1148
Heincke's S = --------------------------------------- = --------------------------------- =.02629
1978+1977 + older 1148 + 3 1 + 0
(1 -S ) x  100 = 97.3%
Winter 1978 + Older
Estimate: ---------------------------
Winter 1979
1979 1980
Components: Mav* Jun* Jul Aug* Sep* Oct* Nov* Dec* Jan* 
256/5 170/67 20/66 22/0 10/3 28/9 26/26 55/15 73/19
1980
Feb* Mar* Apr Mav Jun Jul Aua Sep Oct Nov Dec
39/20 29/13 1/2 0/9 0/33 0/8 0/0 0/0 0/10 0/25 0/37
1981
Jan Feb Mar Apr Mav Jun Jul
0/36 0/63 0/20 0/3 0/0 0/0 0/3
S, 1 - S, Z calculations: S = 21 / 315 = .06667 (1 - S) x 100 = 93.3% Z = 2.7080
(1979 + 1978 + older) -1979 (315 + 20 + 1) - 315
Heincke's S = --------------------------------------- = -----------------------------= .06250
1979 +1978 + older 315 + 20 + 1
(1 - S) x 100 = 93.7%
Winter 1979 + Older
Estimate: ---------------------------
Winter 1980
1980
Components: Apr* Mav Jun Jul Aug Sep Oct Nov Dec
3/3 9/37 33/174 8/251 0/27 0/17 10/84 25/129 37/144
218
1981
Jan Feb Mar Apr May Jun Jul Aug 
36/144 63/1 3220/91 3/99 0/120 0/18 3/288 0/600
S, 1 - S. Z calculations: S = 247 / 2355 =.10488 (1 - S) x 100 = 89.5% Z = 2.2549
(1980 + 1979 + older) -1980 {2355 + 247 + 0) - 2355
Heincke’s  S  -----------------------------------------------------------   =.09493
1980 +1979 + older 2355 + 247 + 0
(1 - S ) x  100 = 90.5%
Heincke's pooled S =
Heincke's numerator pooled 2 + 31 + 21 + 247
Heincke's denominator pooled 74 + 1179 + 336 + 2602
301
s-------- = .07182 (1 - S) X 100 = 92.8%
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